CONFIDENTIAL

PRESCORE FOR THE
WHITEWATER AND HANOVER CREEKS SITE

GRANT COUNTY, NEW MEXICO

Stephen L. Wust
New Mexico Environment Department
June 1993

Y
877472



smartin
Redacted


i
i

PREscore 2.0 - PRESCORE.TCL File 05/11/93 PAGE:
NPL Characteristics Data Collection Form
Whitewater & Hanover Creeks - 07/23/93

Record Information

1. Site Name: Whitewater & Hanover Creeks
(as entered in CERCLIS)

2. Site CERCLIS Number: NMD986682763
.3. Site Reviewer: Stephen Wust
4. Date: June 1993

5. Site Location: Silver City/Grant County, NM
(City/County, State) :

6. Congressional District: NM-02 @
7. Site Coordinates: Multiple
Latitude: 32°46'45. Longitude: 108°06'30.

Site Description

1. Setting: Rural

2. Current Owner: Private - Industrial

3. Current Site Status: Active §

4. Years of Operation: Active Site , from and to dates: 1804 to present
5. How Initially Identified: CERCLA Notification

6. Entity Responsible for Waste Generation:

~ Mining
- Metals

7. Site Activities/Waste Deposition:

- Waste Piles
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Waste Description

Wastes Deposited or Detected Onsite:
- Inorganic Chemicals
- Metals
- Mining Waste

Response Actions

Response/Removal Actions:

RCRA Information

For All Active Facilities, RCRA Site Status:
- Not Applicable

Demographic Information

Workers Present Onsite: Yes
Distance to Nearest Non-Worker Individual: Onsite

Residential Population Within 1 Mile: 2279.0

Residential Population Within 4 Miles: 9157.0

Water Use Information

Local Drinking Water Supply Source:
- Ground Water (within 4 mile distance limit)
Total Population Served by Local Drinking Water Supply Source:

Drinking Water Supply System Type for Local Drinking
Water Supply Sources: '

6739.0
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- Municipal (Services over 25 People)
- Private

18. Surface Water Adjacent to/Draining Site:

- Stream
~ Contaminated Stream
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HANOVER CREEK MINING DISTRICT (HCMD)

Introduction

The HCMD was identified by a RCRA 3012 inspection on September
28, 1980. Robert Lowy of the EID submitted to the EPA a
Potential Hazardous Waste Site Identification form on the HCMD
dated September 28, 1984. A Preliminary Assessment dated January
16, 1985, was also prepared and submitted to EPA by Lowy. A Site
Inspection was accomplished by Richard Rawlings and Steve Cary on
October 1, 1985. In the SI, evidence was presented which
documented 1) the presence of significant quantities above
background of lead and copper in tailings from Bull Hill complex
at Hanover and the Continental mine complex near Fierro and 2) an
air release of heavy metals (particularly lead) from the Bull
Hill tailings. Some sampling was also done that indicated a
surface water release. -

Based on the above information, EPA authorized a Site
Investigation Follow-up (SIF) to be undertaken by the EID. The
EID proposed a work plan for the SIF to accomplish the following:
1) further characterize the hazardous substances impacting the
HCMD, 2) document a ground water release by ground water sampling
and analyses, 3) document surface water releases from the small
tailings areas 0.7 and 0.8 miles below Fierro Spring and the
Blackhawk tailings 4) further characterize impacts from the
Blackhawk tailings using photographs, and 5) estimate _
populations (Targets) of Fierro, Hanover and Vanadium. The

. results of the SIF are presented below.
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II.

Hanover Creek SIF

Geologic Setting

The Hanover Creek mining district (HCMD), part of the
Central Mining District, is located in Grant County in
southwestern New Mexico. The principal towns in the area are
Fierro - Hanover, Vanadium and Bayard. The topography of
Grant County is diverse, ranging from wide expanses of
plains, to rolling or rugged hills and mountains over 10,000
feet in elevation. The HCMD is approximately 5 miles in
length, trends from northeast to southwest in the highland
area of eastern Grant County, and is situated in a narrow
rugged valley with 7500 feet peaks lying directly to the
east and west. The surficial rock in the northern half of
the district is principally granodiorite porphyry of the
Hanover-Fierro pluton and apophyses from the lower Tertiary
Age. At the southern end of the site, quartz monzonite,
Colorado Sandstone and hornblende quartz diorite, all of
which are intersected by intrusive dikes and plugs, are
found. at the surface of the ground (Santa Rita Quad, 1967).
Very little alluvial material exists along the Hanover Creek
stream channel in the northern section until just south of
Union Hill on down to the area of the intersection of US 90
and State Road 356. The accompanying geologic map (from
USGS, 1967) illustrates the diverse geology extant in the
HCMD (Figure 1).

Hydrogeologic Environment

A. Ground Water

Because of the complicated geology of the HCMD, ground water can
exist in any or all of 4 major rock categories.

1. Metamorphic and igneous intrusive rocks.

2 Extrusive igneous rocks (flow and pyroclastic
: deposits). :

3. Marine sedimentary rocks.

4. Sedimentary deposits including alluvium.

All the geologic formations present in this area yield water, at
least locally, but the yields from most surficial formations and
rock units may be small and impermanent.



A review of well records (Table 1) in Trauger's report (1972) in
T17S, R12W, lists 22 wells in the HCMD. The EID was able to
locate only a few of these wells still in use because the area is
now largely served by the Hanover Community Water District of 100
hookups. The wells listed in Table 1 are located according to
the following USGS system (see Map 1).
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Table 1

Location No. DTW (ft) Formation Use
3,134 7(1954) Kc N
3.333 24.6 Tki Unk
4.334 6.6 (1954) Kc Unk
9.423 6.6 (1955) Tki N
15.322 15. (1955 Tki D.S
15.333 21 (1954) Tki D.S
15.333a 18 Tki D
16.141 35 (1954) Tki (?) S
21.241 12 (1954) Tki D
21.241a 17 Tki D
21.241b 20 (1954) Tki D
21.331 15 (1954) ' Tks D
21.332 141 (1954) PM N
21.342 20 (1954) Tki D
21.433 154 Tki D
21.433a unk. ' Tki D.PS
22.113 36 . Tki S
27.131 281. _ ' Tki (?) D
28.114 23 (1954) - Ts S
28.132 . 15 Tki (?) PS
28.214 325 (1954) Tks D.S
28.413 625 ) : PM D

PM Pennsylvanian and Mississippian limestone

Tki Tertiary Intrusive rocks

Tks, Conglomerate, sandstone, fanglomerate and shale
Ts, gravel, sand and tuff

Kc Colorado Formation

' Use of Water: N = none, D = domestic, S = stock, PS = public
supply

As Table 1 indicates, Trauger identified. 15 shallow wells that
intercept water from intrusive rocks (TKi) from the Tertiary Age,
and 2 wells into the Colorado Sandstone. Deeper wells are
drilled into Mississippian, Pennsylvanian Limestones. Those .
latter rock zones are the more significant yielding aquifers in
this area. One well, 28.214, is characterized as being in a
conglomerate, possibly the Wimsattville Formation since this well
is located at Wimsattville. Finally, one shallow stock well,
28.114 is also undoubtedly in the Wimsattville Formation.

The shallower intrusive aquifers in this area can be unreliable
in terms of specific capacity. Water in the granodiorite
intrusives result where fractures or joints are open to the
surface. Water is recharged at the surface and moves to the base
of the unweathered granite. The intrusives are more weathered
under the flatter slopes, and more open-jointed and fractured in
the vicinity of large faults. Weathering occurs in the cracks
and fractures and water is most likely to be found near the
bottom of the weathered zone, just above the main body of



unweathered rock. Since Hanover Creek follows lines of faultlng
and jointing, the shallow wells are tradltlonally located
adjacent to the stream channel where there is a better chance of
finding water in joints and fractures than on ridges and inter-
stream areas (Trauger, pp. 33 ff).

In the area near the intersection of US 90 and State 356 is

found an example of a continental sedimentary deposit, the
Wimsattville Conglomerate. This Formation consists of
consolidated deposits of boulders cobbles, gravel, sand, silt and
clay. Another conglomerate aquifer, the Gila, in the
southwestern section of the state is the largest and most
important source of ground water in the area but the Wimsattville
Conglomerate is a limited and significantly less valuable aquifer
than the widespread Gila Conglomerate.

‘Finally, several marine sedimentary rock formations serve as
aquifers in the HCMD. These include the Colorado Formation (CF)
and certain Pennsylvanian-Mississippian Limestones such as the
Oswaldo Limestone. The CF, a clastic of marine origin, is
according to Trauger not a good aquifer in Grant County. This
unit does not yield much water although a well drilled 200-300
feet below the water table can be expected to yield a supply of
-water adequate for domestic and stock use. Basic area-wide
igneous dikes cut through the CF and essentially compartmentalize
the formation. The low yield and histories of depletion and
subsequent well deepening in the CF lend credence to
compartmentization by a dike system. Water occurs in the
"compartments" formed by cross-cutting and intersection of dikes,
and initial yields to wells may be ample. However, these pockets
may be depleted rapidly (Trauger, pp. 39 ff).

The carbonate formations are massive to thin bedded generally
dense, finely crystalline, commonly sandy and silty. Solution
cavities and channels in the limestone are uncommon at most
places underground in the HCMD. Limestones encountered in the
mines may be brecciated along fault zones and occasionally have
cavities enlarged by solution. Wells drilled to enter fault
zones below the regional water table have a chance of developing
moderately to large water supplies. Recharge is via joints and
fractures. Solution channels, where they exist, are sufficiently
well developed and interconnected to allow easy movement of
water. As above, the best place to find water supplies is at
relatively shallow depths in areas underlain by carbonate rocks
such as near the channel of Hanover Creek. The low porosity and
small amount of water in these rocks deems deeper penetration
below the water table. Trauger (pp. 37 ff) reports several wells
in production in the limestones in the HCMD.

Figure 2 from Trauger (1972) illustrates that the regional water
table in the HCMD (From Fierro down to Vanadium) trends from NE
to SW and generally follows the local topography. Local ground
water movement may be influenced by large volume wells, and by
mine shaft dewatering, and by open pit mining into the water



table such as at Chino's Santa Rita mine. Hydraulic connection
between the shallow and deep aquifers is intimated by the fact
that active dewatering of the underground mines into the
limestones caused depletion of shallow wells, and by associating
the locations (in the valley floor) of the deeper wells into the
limestone units where the fault zones are aligned along the axis
of the valley (see discussion in Section II.A.)

B. Surface Water

Hanover Creek at the present time is an intermittent stream
and does not normally flow except during or after
precipitation events. In the past, however, dewatering of
several of the mines (Empire 7 and 8, Continental, Union
Hill Tunnel) in the district occurred and discharge to
Hanover Creek resulted in a perennial low volume flow
(Graeme, 1988). The EID has sampled this flow in Hanover
Creek several times over the years and analyses of these
discharges are included in this report in Table 4.

C.
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C. Field Sampling Procedures

The field sampling preservation and test procedures followed
were in accordance with the New Mexico Superfund, Standard
Operating Procedures (SOP) Manual, April, 1988. A copy of
this manual has been submitted to EPA. Page 8 of the SOP is
a table listing the preservation and handling procedures
followed for all water samples taken. Samples taken at
variance from the SOP are noted in the field notes included
as an appendix to this report.

III. Historical Mining Activities

Although some gold and silver mines were located in the
HCMD, the majority of the mineral extraction was for iron
and for non-ferrous metals such as lead, zinc and copper.
The principal non-ferrous metal mines in the district (from
north to south) are: 1) The Continental, Sleeping Beauty,
Union Hill copper mine complex at Fierro, 2) The Empire-
Bull Hill zinc mines at Hanover, and 3) The Blackhawk -
Hobo zinc mines complex between Hanover and Vanadium.
Additionally, several mine dumps or tailings are located
right in Hanover Creek, approximately 0.7-0.8 miles south
(in Section 3) of the border of the Gila National Forest,
while an active copper mine dump (Chino West Dumps) is
located adjacent to Hanover Creek opposite the Blackhawk
tailings (see Figure 1).

Metal Extraction Procedures Utilized in the HCMD

As mined, most ores contain the valuable minerals (the values)
disseminated in a matrix of by-product rock, called gangue
(pronounced gang). The purpose of ore beneficiation (reducing
rock to small particle size) is to assist the yield of a more
useful solid called concentrate -- a product now higher in metal
content. Crushing and grinding of the ore can get the rock to a
size where one portion, after treatment, contains the values and
the other much more voluminous portion contains the gangue. The
final stage of the operation is to separate the portion
contalnlng the values (concentrate) from the portion made up of
gangue (now called tailings).

The 2 processes principally utilized at the HCMD to separate the
concentrate from the tailings include gravity separation and
floatation (or flotation). These 2 processes utilize the
properties of specific gravity, or affinity for certain chemicals
and tendency to form chemical complexes to effect separations.

Gravity-concentration processes exploit differences in mineral
density to separate the values from gangue. Jigging, tabling,
spirals and sink-float separation were commonly used to achieve
the separation. Selection of a particular gravity based method
for a given ore is strongly influenced by the size to which the



ore must be crushed or ground in order to most efficiently
separate the values from gangue, as well as by the inherent
density differences of the ore. Methods of carrying away the
tailings depend on viscosity, and the efficiency of this
separation .is determined by feed to the process of a specific
distribution of particle sizes. Chemicals are not used in the
gravity-separation process. The smaller tailings disposal area
at Bull Hill adjacent to Hanover Creek appear to have resulted
from gravity concentration processes because of the wide
distribution of particle sizes and average larger particle size
than the tailings located at the main Bull Hill disposal area to
the east (which were floatation tailings).

Floatation concentration is the principal method utilized by
contemporary non-ferrous mills to yield concentrate and is the
preferred procedure for handling hundreds to thousands of tons of
low grade ore per day. Floatation is a process whereby

particles of one mineral (say, galena or PbS) are made, by
addition of chemicals, to preferentially adhere to air bubbles.
When air is forced through a slurry of finely ground mixed
minerals, the rising bubbles carry with them the particles of the
specific mineral(s) to be separated from the rock matrix. A

- foaming or frothing agent is added to prevent the bubbles from
bursting as they reach the surface and the mineral-laden layer of
bubbles at the top of the floatation cell is skimmed off to
recover the mineral being preferentially isolated. Because
floatation is amenable to recovery of values in slimes also, the
grind can be finer and recovery efficiency with floatation is
much greater than with gravity separation. Additionally, by
clever selection of chemicals, different minerals say CuS, Pbs,
and ZnS, can all be floated from the same ore and in addltlon by
utlllzlng several circuits, separated from one another and
individually concentrated.

Sulfide minerals are all readily recovered by floatation.

Sulfide floatation is carried out at basic pH so that tailings as
deposited are also basic. Chemical collectors are most often
alkaline xanthates having 2-5 carbons, for example sodium ethyl
xanthate (NaS,COC,HS). The underflow or waste in the floatation
cells is the gangue which is directed to an impoundment area as
tailings after being adjusted with water to a slurry suitable for
hydraulic transport. The types of chemicals commonly used in
copper, lead and zinc concentrating operations are listed in
Table 2 below (From EPA, July, 1978. EPA 440/1-78/061-d, Vol. 1).
The floated concentrate is dewatered, dried, packaged and
directed to a smelter. Concentrate typically contains 15-30%
values. The liquid overflow is recycled to the process.

The tailings from the copper/lead/zinc floatation mill contain
the gangue from the original ore which, as stated above, has been
finely ground. Tailings also contain dissolved metals, salts

and excess mine reagents. Figure 3(EPA, 1978) gives the
processing operation for a lead/zinc floatation concentrate
operation.

o
o



IV. Waste Characteristics

As stated above the potential environmental hazards at the HCMD
consist of 3 major and several minor sources of hazardous
substances residing mainly in abandoned tailings piles or mine
dumps (see Table 3, Hanover Creek, sediments). The physical and
chemical nature of the tailings themselves and the local geology
and hydrology determine the seriousness of the potential problem
sources inherent in the tailings and include the following:

1.

Chemicals that are added in excess during the

the concentrating process. These could include
cyanide ion which was used at times in mining
operations as a depressant to prevent floatation of
unwanted minerals, as well as any of those substances
mentioned in Table 2. The collection agents, if in
excess, would also go to the tailings disposal area.
These include the xanthates. These reduced sulfur
compounds, however, while sitting in the atmosphere

have a tendency to oxidize to harmless products
" (elemental sulfur or disulfides). Additionally,

because these constituents are surface active,
xanthates have a proclivity to adsorb to the surface of
particles and have little tendency to migrate through
sediments to ground water. Small amounts of pine oil,
the common frothing agent utilized in floatation
operations, could also be present in tailings.

Soluble chemical species released from the rock
matrices during any phase of the milling operation, or
species found in the makeup water employed in the
process may ultimately manifest themselves as soluble
salts in the tailings. Typically, tailings are

- deposited in an impoundment. Salts are concentrated in

this pond as process water evaporates. This salt
buildup is maximized if the tailings are relatively
fine-grained (minimizing seepage through the sands and
slimes) and if fluids on the tailings are not re-cycled
through the mill. The Blackhawk tailings between
Hanover and Vanadium is an extreme example of salts
concentrating in the tailings. Along the side of the
tailings where vertical erosion cuts are evident, at
the contacts between the sands and the slimes,
voluminous amounts of yellow green salt crystals are
evident (see Photo 1). These soluble salts contain
high concentrations of heavy metals including lead and
copper. Analyses of samples taken at Blackhawk here
are included below (Table 3).

The third phenomenon by which tailings are rendered
hazardous is by oxidation of pyrite minerals. By this
mechanism the tailings become locally acidic and heavy
metals are rendered soluble and easily mobililzed.



Pyrite (FeS;) is found in varying quantities in non-
ferrous metal ores. In the presence of oxygen and
water, sulfide ion is oxidized to sulfate ion, forming
sulfuric acid (H5S04.)

2 FeSy; + 2 Hy0 + 702— 2 FeS04 + 2H,S0,.

This is accompanied by a second oxidation reaction,
that of ferrous iron, which is mediated by the
bacteria, Thiobacillus ferrobacillus and Thiobaccillus
sul foxidans) .

4FeS04 + 2HS04 + 0p,—> 2Fep (S04)3 + 2H,0

Notice that this reaction can take place in the absence
of water. The ferric ion (Fe +++) formed above can
hydrolyze to form more H,;S04.

Fe, (S04)3 + 6H,0—> 2 Fe(OH)3 + 3 H,S04.

More importantly,'Fe (III) itself is a powerful
oxidizing agent and can also initiate oxidation of
pyrite by the following reaction.

Fe, (S04)3 + FeS, + H,0—> 3 Fe SO4 + 2S.
2S + 30, + 2H20—> 2 H3S04.

The bottom line in the oxidation of pyrite is the
generation of acid with the concomitant release of
heavy metals should adequate neutralizing materials not
be present. Any or all of the above processes can
contribute to hazards associated with tailings piles

in the HCMD. The principal hazard associated with
these tailings piles is potential for release of toxic
heavy metals. Lead, cadmium, cobalt, and copper, and
aluminum have all been detected in HCMD tailings
significantly above background levels. Additionally,
if pyrites are found in high percentage in tailings,
acid generation can ultimately serve as a secondary
source to release heavy metals. Cyanide may also be
found in tailings but 2 samples of tailings tested by
the EID were negative for cyanide (Table 3). Sulfate
ion, because of pyrite oxidation, and introduction into
mill circuit in makeup water, is invariably found in
tailings but is not considered as a hazardous
substance. Infiltration of sulfate ion into ground
water and runoff of sulfate ion into Hanover Creek can
nevertheless render water unfit for human,
agricultural, or industrial use. As stated above,
sulfate, however, is not considered a hazardous :
substance and is not covered by Superfund unless found
in the company of a hazardous substance.

10



Three Principle Tailings Areas

I.

II.

III.

Continental-Sleeping Beauty-Union Hill - This is an
existing copper mine and mill which has been moth-balled
since 1982. It is owned by a Sharon Steel Corp., which is in
Chapter 11 bankruptcy. During the time it operated, it had
the capacity to process up to 8,000 tons per day (TPD) of
ore. Since it operated at this level for at least several
years, millions of tons of tailings exist at this site.

This mill began operation in 1967 but shut down in 1982. A
standby crew is on site and haulage trucks are maintained.
The underground pumps continue to operate and the water is
utilized on site for drinking water and dust suppression.
The excellent price of copper at this time (Summer, 1988)
may allow the re-opening of this mill sometime in the near
future. A fugitive discharge from the Union Hill mine dumps
was sampled by the EID in October, 1987. This discharge
flows into Hanover Creek and contains elevated levels of
aluminum, copper, cadmium and zinc (see Table 4).

The second major mine grouping is the Empire - Bull Hill
Mine complex at Hanover. This zinc mill was owned and
operated by the Empire Zinc Company, a division of. the New
Jersey Zinc Company. Mining began in this area in 1902.
Tailings from this mill are on both sides of the road which
goes north through Hanover and along the north side of
Highway 90 just east of the intersection of US 90 and State
Road 356 (see photo 2). The tailings have been impacted
both by water erosion, by Hanover Creek surface runoff from
the tailings themselves, and wind erosion. Wind erosion of
tailings and tailings transport by surface water at Bull
Hill were documented in the SI. The mechanical integrity of
these tailings is not nearly as established as the other
tailings in the HCMD and there is physical (photographic)
evidence of an air release (see the SI). These tailings are
gray in color and are easily eroded by air and water, while
most of the other tailings in the HCMD are iron stained and
quite well cemented by soluble salts. Chemical data for the
Bull Hill tailings were included in the SI. The EID in the
SI estimated the area covered by these tailings to be 500
acres.

The Blackhawk tailings are located 0.5 miles southwest of
Highway 90 on State Road 356 between Hanover and Vanadium.
only remnants of the mill are still located at the site.
The mill was a custom operation (processed ores trucked in
from other mines), which was operated by Blackhawk
Consolidated Mining Company. The Blackhawk mill processed
zinc ore and operated until the late 1940s.

Unlike the other tailings the EID investigated in the HCMD,
these tailings had a distinctive reduced sulfur odor which
was evident as soon as we got out of our vehicle. At the
north end of these tailings, hydrated yellow-green salt



Iv.

crystals had formed at each contact between sands and fines.
These tails in general are held together pretty well with
salts, which minimizes evident wind erosion but doesn't
prevent erosion by surface water. There are photographs and
chemical evidence of these tails being washed down during
precipitation events into Hanover Creek (Photos 3 and 4).
These tailings cover approximately 50 - 100 acres.

Another potential source of hazardous substances discharge
into Hanover Creek is also in the area of the Blackhawk
tailings, but on the east side of Hanover Creek. This
source is the active west mine dumps adjacent to the open
pit Santa Rita copper mine (see photo 4). The dumps have
been built up to within several hundred feet of the creekbed
and at least on one occasion there has been an observed
discharge from the dumps into Hanover Creek (which itself

was flowing at a low rate at the time). The acidic
discharge had left the streambed stained a copper color for
hundreds of yards down stream (Photos 4 and S5). Samples

were taken of Hanover Creek above the discharge, and of the
fluids impounded above the discharge which was the origin of
the seep (see Table 4). The West Dumps at Chino occupy
approximately 290 acres.



HAZARDOUS SUBSTANCES MIGRATION PATHWAYS

Two goals of the SIF were to document releases to groundwater and
surface water. There is now evidence at the HCMD for observed
releases to surface water but a release of hazardous substances
to ground water was not previously documented. The evidence for
these observations are presented below. A release to the air
route was documented previously in the SI.

Ground Water'Routé

Shallow ground water is the norm, as stated above, in the HCMD.
This shallow ground water is mainly found in the igneous
intrusive rocks but shallow ground water can also be found in

the Colorado Sandstone, alluvium and Wimsattville conglomerate.
It is believed that there is hydraulic connection between these
aquifers along the Hanover Creek valley (see earlier discussion
in Section II A4). North of the Wimsattville area, however, very
little alluvial material exists along the creek bottom. The area
surrounding the intersection of US 90 and State Road 356 is low-
lying and bowl shaped and is referred to as the Hanover Hole. 1In
this area is found a significant thickness of alluvium, as well
as on the western perimeter, quantities of Wimsattvile
Conglomerate. :

Tables 5 and 6 summarize the wells which the EID has sampled in
the HCMD. Table 5 contains historical water quality data
collected by the EID for several wells during the years 1969~
1980. The CERCLA section sampled 14 ground water sources in the
fall of 1987 and this data is included in Table 6. The well
locations are on Figure 4. Fierro spring (designated as H-S on
the map) represents one background water quality sample. It is
located just north of the HCMD (and hence upgradient both from a
surface water and regional ground water gradient standpoints).
The m well, drilled into limestone, can be thought of as a
secon ackground water quality sample.

None of the heavy metals tested for in Fierro Spring were above
detection limits. Several general properties of this ground
water quality are evident. 1) pH of ground water is neutral or
near neutral. 2) except for the #ell, the TDS content is
elevated (1003-3112 mg/l), 3) and Ca and Mg are the dominant
cations and HCO5~ and S04= are the dominant anions. The heavy
metal concentrations in wells sampled in 1987 exhibit elevated
concentrations of zinc, manganese and iron, none of which is a
hazardous substance, (see H6, H8, H7, H5, and Hl1l2 on Table 6).
The historical ground water quality data (a less reliable data

set Table 5) indicates elevated concentrations of lead
| 'and_wells) . Recall that the

principal metals extracted in thls area were zinc, lead and iron
so it is not surprising to see elevated levels of these metals.




What is unexpected is the relatively low concentrations of these
constituents as well as the absence of other heavy metal ions.

" There are 2 reasons the heavy metal concentrations at ground
water sampling points may be relatively low.

1) Both gravity separation (which uses no chemicals) and
floatation concentration processes, which takes place .
under basic conditions, are conducive to minimization
of the release of heavy metals in comparison to the
release of heavy metals from acidic fluids. Only in
the HCMD that abuts the Chino west dumps are higher
concentrations of heavy metals expected (the fugitive
discharge at this point was pH=3.5). However, it is
just in this area of the Chino west dumps that there
are no ground water monitoring wells. Any RI/FS that
is undertaken should include monitoring wells in the
areas adjacent to Chino's dump both into the
unconsolidated units. and the intrusives. -

2) Most of the HCMD wells sampled by the EID were either
deep (drilled into limestones) or very shallow hand dug
wells. The deeper wells in the limestones may not show
heavy metals because of either lack of sufficient
percolation to these deeper levels or because the
neutralization capability of the limestones has
effected precipitation of heavy metals. The shallow
hand dug wells would, because of their open nature,
contain much higher concentrations of dissolved oxygen
than would a cased well penetrating to the same depth.
It has been demonstrated that iron and manganese (both.
metals which are predominant in the HCMD), upon
hydrolyzing (Mt + H,0 > M(OH) + HY) precipitate out as
oxides and hydroxides. Freshly precipitated oxides of
iron and manganese can co-prec1p1tate most other heavy
metals that happen to be present in the same
environment. It is possible that in the shallow hand-
dug wells, the heavy metals are not manifested in
solution because of co-precipitation effects. At this
time a release of hazardous substances to the ground
water has not been documented.

The majority of the residents in the HCMD from Fierro
on south to vanadium are served by the Hanover
Community Water System (MDWCA). At this time there
are 100 hookups on the system. Using a county figure
of 3.8 residents per household, 3800 residents are
served by this system. The community well(s) are
drilled into limestone units that are hydraulically
connected to Hanover Creek. The supply wells are all
located less than 1 mile west of Hanover Creek (see
Figure 4). The MDWCA provides water for all old
residents of the area who in the past were on private
systems that went bad because of mining activities or
whose wells went dry because of mine dewatering or



‘pumping for industrial use, and for new residents of
the area served. The mining communities of Fierro,
Union Hill, Hanover, Wimsattville, Santa Rita, and
Vanadium were in the past all served by private wells,
or other sources of water provided by the mines. Of
course, these communities, except for Hanover, by and
large, do not today exist. The EID did an exhaustive
search of residents that still had wells that could be

sampled. These wells are listed in Table
tabl es use, if any, of water. Theﬁ
andﬂ still use their shallow wells ng
wat , at least (3.8 residents per well times
two) or 8 residents still use this shallow ground
water for drinking water. Additionally, the Hanover
MDWCA only services approximately 2 miles up Hanover
Canyon above the intersection of Hwy 90 and State 356.
There are several more residences along Hanover Creek
above the 2 mile point where people either are on
private well water or carry water from Fierro spring
(HS) .

Surface Water Route

The EID has collected water quality data, sediment samples, and
photographic evidence to illustrate the existence of a surface
water release at the HCMD (see photoss -8). Table 4 portrays
water quality of discharges into side arroyos that make their way
into Hanover Creek (Union Hill discharges 1 and 2), and water
quality data from a surface discharge from the Chino Mines west
dumps directly into Hanover Creek. The accompanying map (Figure
2) indicates the discharge points. The Union Hill discharges
sampled by the EID were basic and heavy metal concentrations were
minimized for this reason. However photos 7and g indicate
previous acidic discharges with resultant copper color staining
of sediments.

The Chino discharge from the West Dumps was on the acidic side
(pH=3.5). Table 4 includes samples of Hanover Creek (which

flows intermittently) which was sampled the same day the

fugitive discharges from Union Hill and Chino were sampled. This
Hanover Creek sample would be the background sample. A

- comparison of Hanover Creek heavy metal concentrations with
Union Hill and especially Chino discharges documents a surface
water release at the HCMD.

Sediments and salts laden with heavy metals also make their way
into Hanover Creek. Sediments samples were taken at the "0.8
mile tailings", which are situated directly in the creekbed, at
Bull Hill, and at the BlackHawk tailings (this heavy metal
content of the the Blackhawk and 0.8 mile tailings was presented
earlier in Table 3). Heavy metal content is especially
concentrated in the Bull Hill (see SI report) and Blackhawk
tailings and accompanying salts.

b
¢l



Heavy metal (HM) analyses (after a nitric acid leach) were
accomplished on these sediment samples. At both the Bull Hill
and Blackhawk sites there is clear evidence of the elevation of
lead in sediments in the streambed below the tailings piles.
There are also elevated levels of zinc and copper in the Hanover
Creek stream sediments below the Blackhawk tailings. Finally,
there is photographic evidence of impacts from the Blackhawk and
Bull Hill tailings on Hanover Creek. Photo 2 shows runoff from
Empire Zinc's tailings at Bull Hill into Hanover Creek and Photos
3 and 4 illustrate the runoff from the Blackhawk tailings into
Hanover Creek. Finally, Photos 5, 6, 7 and 8 illustrate the
impact that Chino west dumps and the Union Hill dumps have had on
Hanover Creek as a result of fugitive discharge into the Creek.

Hanover Creek, when it flows, is not used for drinking water.

The only use we could find was casual recreational use (e.q.
children playing in water). It is possible, also, that there may
be some pumping from stream for small garden plots although this
was not documented.



Air Route

There is also an air route for dissemination of hazardous
substances, especially at the Bull Hill location. This route was
documented in the SI. Photos taken by Steve Cary and Richard
Rawlings in 1985 point out the effect of wind on the tailings at
Bull Hill. These tails appear to have a finer grind than the
other tails we looked at in the HCMD and evidently have lower
salt content since they are not cemented to the extent that the
other tails (such as Blackhawk) are. The formation of dunes
below and adjacent to Bull Hill is indicative of the effect of
the wind on these tailings (see photos in SI). There are at
least 40 residences within 1 mile of the Bull Hill tailings.
Four residences, the Manhattan Bar, a Texaco station and the
Hanover Community Center all are situated within one quarter mile
of the Bull Hill tailings. For the former scenario at 3.8
residents per dwelling, 152 residents are affected by wind borne
tailings. For the latter scenario, within one quarter mile of
Bull Hill, 15 full-time residents would be affected. Add to
this number, any citizens visiting the Manhattan Bar, the Texaco
station or the Hanover Community Center.



SIF Report - Hanover Creek

Conclusions

The Hanover Creek Mining District (HCMD) has been environmentally
impacted by toxic heavy metals and inorganic salts from moth-
balled, inactive and active mining complexes.

The EID has documented releases of heavy metals (lead, zinc,
copper) by surface water, and air routes. Releases of these
heavy metals from tailings piles and mine dumps will continue
unabated until measures are taken to mitigate the presently
uncontrolled releases. '
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Reagent Purpose

Methyl Isobutyl-carbinol Frother
Propylene Glycol Methyl Ether Frother
Long-Chain Aliphatic Alcohols Frother
Pine 0il Frother
Potassium Amyl Xanthate Collector
sodium Isopropol Xanthate Ccllector
Scdium Ethyl Xanthate Collector
Dixanthogen Collector
Isopropyl Ethyl Thionocarbonate Collectors
Sodium Diethyl-dithiophosphate Collectors
Zinc Sulfate zinc Depressant
sodium Cyanide Zinc Depressant
Copper Sulfate Zinc Activant
Sodium Dichromate Lead Depressant
Sulfur Dioxide Lead Depressant
Starch Lead Depressant
Lime . EH Adjustment
Table 2

i

Chemicals and additives commonly used in zinc and lead concentratine
(=4



~1

¢

HANOVER CREEK MINING DISTRICT -- SEDIMENT SAMPLES
HNO 3 leach Units ug/g, dry weight basis

Date Lab Al - cd Cr Cu Fe Pb Mn Ni Zn Comment s
YY,MM,DD Name

(A1) .8 Mi. BG sample.
100 yds. up H.C. :
871006 SLD 10300 - [<.1 10 110 52500 30 3800 40 470 Background
sediment for next
2 samples
(A2) H.C. Tails .8 Mi.
Below Fierro Spring

871006 SLD 14000 <.1 9 860 - 36000 54 160 40 77 Tailings Sample
~(A3) .8 Mi. taken 6" _

down from surface : Tailings Sample

871006 SLD 12000 <.1 10 910 §ﬁ300 10 380 - 10 40 Negative CN

(B) BG for Blackhawk

871006  SLD 17600  <.1 40 370 51900 230 4700 20 2900  Background sedimen:
for Cl, C2 and
C3 below

(Cc1) Blackhawk @ H.C.
below wood culvert

871006  SLD 6600 <.1 10 1100 52400 2800 1100 9 2400 Sediment samplce
_ _ taken where tails
(C2) Blackhawk salts from wash down into
Erosion ' _ Hanover Creek
871006 SLD 5900 40 10 11000 132000 4800 1500 10 9900 Negative CN

Taken from tailings

(c3) Blackhawk from top
& front @ N. end ’ .
871006 SLD 6700 <.1 20 670 98100 1800 2200 <.1 2200 Tailings sample fro.
. top of pile

(A) These sediment samples locations are found on Figure 4 and identified by designated letters.

Table 3.



Sampling Point

HANOVER CREEK SURFACE WATER SAMPLES

Date Lab F/NF Ca Mg Na K HCO cl S0 TDS Comments
Hanover Cr. at F 484, 126. 97. 7. 115. 168. 1807. 2778. Background for flows in
Manhattan Bar main channel of Hanover
830117 SLD Creek
Hanover Creek 1.6 NF 420. 227. 97. 7. 213. 77. 1595. 2732. Background for fiows in
miles below Fierro : main channel of Hanover
Spring SLD Creck
871006
Hanover Creek taken NF 440. 109. 101. 5. 192. 71. 1320. 2300. Background
just before Chino for Chino
West Dumps Discharge West Dump
871007 SLD Discharge
Discharge into NF NA NA A6, 5. 0 10. 1040. 35,126. pH = 3.1
Hanover Creek from conductivity
West Dumps. Taken 13,100 umhos
from 2nd berm SLD at 29.5°C
871109
Union Hill NF 500. 317. 99. 7. 219. 09. 2255, 3926.
Discharge #1
871100 SLD
Union Hill NF 540. 341. 101. 7. NA 87. NA 4272.
Discharge #2
871109 SLD

Table 4
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HANOVER CREEK SURFACE WATER SAMPLES

e Xl

Table 4(cont.)

Sampling Point - o HOST -7 /3 .3 . O/5 Ras =
Date Lab Al cd Cr Cu Fe Pb Mn Ni Zn Coments
Hanover Creek at NA .002 NA <.05 NA <.005 NA .01 .74 Background for flows in ma
Manhattan Bar 'NF channel of Hanover
§30117 SLD Creek
Hanover Creek 1.6 <.1 <.001 <.005 <.1 <.1 <.01 <.05 .1 .<1 Background for flows in ma.
miles below Fierro NF channel of Hanover
Spring SLD Creck
871006
Hanover Creek taken <.1 .004 <.005 <.1 <.1 <.01 - .15 .1 1.00 Background for
just before Chino Chino West Dump
West Dump Discharge ‘Discharge
871007 SLD NF
Discharge into 700. .94 .07 850. 1040. .10 1380. .1 310. NF
-Hanover Creek from
West Dumps. Taken
from 2nd berm SLD
871007
Union Hill .80 .01 .01 1.7 <.1 <.01 2.7 .1 1.2 NF
Discharge #1
871109 SLD
Union Hill 3.1 .018 <.005 4.4 .2 <.01 3.6 .1 1.9 NF
Discharge #2
871109 SLD
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HANOVER CREEK MINING DISTRICT
SAMPLES ANALYZED BY NEW MEXICO STATE LAB

Historical Well Data

Table 5
mg/1
Name MeL¢s 55 .05 /O, s ST 5,(0“ O, oaus [y
Location Date Depth Lab Name pH®? As Cu ° Pb n Cr
3/20/69 . 105' PHL 7.2 x x
8/15/72 105" PHL 7.2 0.004 0.01 0.014 18 0.01
9/21/78 105 SLS 8 ' 0.005 17
8/15/72 20" PHL 7.65 0.004 0.01 0.005 .058 0.01 0.0l
8/15/72 40" PHL 6.8 0.004 0.05 0.007 047 0.01
8/15/72 32° PHL 3.25  0.004 0.01 0.015 413 0.01%
5/5/70 200" PHL 8.2 0.02 1.02%
. -*
8/15/72 32! PHL 7.45 0.004 0.01 0.009 .01 0.01 0.01
9/11/79 32! SLD 0.005
11/1/79 32! SLD 7.55
3/24/80 32! SLD 7.36
8/8/80 32! SLD 7.79
2/8/79 80! SLD
11/8/82 80' SLD 5.51
8/5/76 NA SLD 8.25 0.03 .81 0.01 0.01
9/11/75 NA SLD 0.005
11/1/79 NA SLD 7.2
3/24/80 NA SLD 7.17
8/8/80 NA SLD 7.9 K O Sove USesS? e o



HANOVER CREEK MINING DISTRICT

SAMPLES ANALYZED BY NEW MEXICO STATE LAB

Historical Well Data

Tablﬁmgﬁfont.)

Name _ .
Location Date Depth Lab Name pH As Cu Pb Zn cd Cr
' K
8/31/72 NA PHL 7.84 0.004 0.01 0.036  2.45
9/11/79 NA SLD 0.005
8/8/80 NA - SLD 7.75
*.4
4/19/76 34! SLD 8.24 0.01 0.02 0.82
* BLANK SPACES INDICATE DATA NOT AVAILABLE Fhove  Us TG Mo

ol



FAC. NAME: HANOVER CREEK, GROUND WATER

DATE LAB
YY,MM,DD NAME F/NF  DTW pH
BLANK
871006 SLD
GRANT CTY.
871006  SLD 6.9
RIS ..
871006  sio 7.2
NW1/4, NW1/4,
SEC. 15
871007 SLD 6.5
8710 SLD 7.0
Ry
SLD 19 6.7
o2 sLo 6.9
ELL
871006  SLD 13 7.0
U.S.P.0. WELL
871006  SLD
SLo 10 7.0
SLEEPING BEAUTY
SHAFT
871109  sLD 10
SILVER DOLLAR
WELL
871109  SLD 10 7.0
: SLD
sLo 30 6.6

400

Ca Mg
é 3
346 144

460 159

216 85

224 46

400 122
20 7
360 122

480

180 73

520 219

3

360 73

376 375

122

DATE OF PRINTOUT:

mg/1
Na

58
156

92

46

39
96
4
90
106

62

110

74
58

64

K HCO3 Cl
1 132 <.
7 93 92
6 207 75
3 290 24
0 316 113
3 251 68
1 18 113
4 267 39
6 220 83
6 330 <5

10 200 72
8 240 54
46 266 27
6 299 72

3/29/88

*BLANK SPACES INDICATE DATA UNAVATILABLE

HCMD Ground Water Sampling Points,

sS04 NO3-N CN  TDS
12 160
1230 2198
1505 2534
454 1003
185 10 1016
1165 2148
62 290
976 1946

1380 2504
424 1096
1780 3112
965 1912
795 1628
1075 2056
Table 6

Ca Mg

0.3 0.2
17.2 1.8

13.1

10.8 7.0

3.8
20.0 10.0
1.0 0.6
18.0 10.0
24.0 10.0

9.0 6.0

25.9 18.0

20.0 6.0

18.0 6.0

18.8 30.8

All samples unfiltered

meg/1
Na K HCO3
2.5 0.0 2.2
6.8 0.2 1.5
4.0 0.2 3.4
2.0 0.1 4.8
1.7 0.0 5.2
4.1 0.1 4.1
3.1 0.0 0.3
3.9 0.1 4.4
4.6 0.2 3.6
2.7 0.2 5.4
4.8 0.3 3.3
3.2 0.2 3.9
2.5 0.1 4.4
2.8 0.2 4.9
EID 1987

cl

0.0

2.6

2.1

0.7

3.2

1.9

3.2

1.1

2.3

0.0

2.0

1.5

0.8

2.0

S04

0.2

25.6

9.5

3.9

24.3

1.3

20.3

28.7

8.8

371

20.1

16.6

22.4

Perc.
NG3-N Error Comments [se of H,0
12.4 -
9.5 Backup for fire
dept.
4.3 Dug well TIrrig.
14.3 Duy well None
0.7 12.6 None
6.0 Dug well Trrig.
-0.9 None
10.8 Dug well Irrig.
5.5 Nomestic
except drinking
1.2 pug well Domestic
except drinking
7.3 None
7.0 None

10.2 Windmill

28.4

Dug well

Drinking amd
Irrig.

Drinking



FAC. NAME:

- DATE LAB

YY, MM, 0D  NAME
BLANK

871006 SLD

GRANT CTY.

871006 SLD

NW1/4, NW1/4,

SEC. 15

871007 SLD
-

871007 SLD

oo WELL
-3
U.S.P.0. WELL
871006 SLD
871109 SLD
SLEEPING BEAUTY
SHAFT
871109 SLD
SILVER DOLLAR
WELL
871109 SLo

-
SLD
-
SLD

SPRING

870615 SLD

Al

<1

<.1

<.1

0.70

<.1

<.1

<.1

Cd

© <.001

<.001

<.001

<.001

<.00}
<.001
<.001
<.001
<.001

<.001

<.001

<.001
<.001
<.001

<.001

HKANOVER CREEK, GROUND WATER

Cr

<.005

<.005

<.005

<.005

<.005

<.005

0.01

0.01

0.01

<.005

0.01

<.005

<.005

<.005

<.005

Cu

<.1

<.1

0.80

<.1

Fe

<.

3.60

0.10

0.40

<.1

- 0.30

80.00

0.20

24.00

0.40

16.00

7.80

0.3

<.1

<.l

mg/1
Heavy
Pb

<.01

<.01

<.01

,.01

<.01

Metals

Mn Ni Zn
<.05 <.1 <.1
<.05 <. 0.80
<.05 <.1 <.1
0.31 <.1 <.1
f.OS <.1 0.60
<.05 <. <.1
0.39 <. 0.50.
<.05 <.1 <.1
0.11 <A 0.50
0.12 <. <.1

<.1 0.20
0.10 «<.1 0.70
<.05 <. <.1
<.05 <.1 0.1
<.05

. *BLANK SPACES INDICATE DATA UNAVAILABLE

Table 6(cont.)

As

Se

-

Hg

Comments

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF
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Figure 3 . LEAD/ZINC-ORE MINING AND PROCESSING OPERATIONS
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REFERENCE 4

Chino Mines
Site Inspection Follow-up Report



SIF REPORT
CHINO MINES (AKA KENNECOTT COPPER OR WHITEWATER CREEK)

I. Introduction

The Chino Mines site near Bayard and Hurley, New Mexico was given
a Potential Hazardous Waste Site Identification and Preliminary
Assessment by Jack Ellvinger of the EID on November 25, 1980, and
by Jairo Guevara of the EPA on May 28, 1981. Site Inspection reports
(SI) were done by Mr. Guevara of the EPA on June 30, 1981, and July
10, 1981. The SIs estimated the extent of the wastes and characterized
hazardous substances in 1liquids and solids at certain areas of the
site. The SI presented preliminary data for releases of hazardous
substances to ground water and surface water. The Chino Mines site
was treated as two sites in the earlier SIs (Santa Rita Mine and
Smelter-Concentrator), but the primary source of the hazardous
substances for both areas is the precipitation plant (p-plant) and
waste and leach dumps at the mine. The discharge from the p-plant
moves along Whitewater Creek down to the other Chino facility (the
smelter and tailings area at Hurley). For this reason, '"Chino Mines"
is treated as one site in this SIF.

The SIF work plan proposed to 1) document releases of hazardous
substances (and other constituents) such as sulfate and total dissolved
solids (TDS) to ground water in various affected aquifers and to
surface water; 2) identify and characterize by sampling and photographs
other sources of hazardous substances that affect the Whitewater
Creek area; 3) document air releases of hazardous substances from
Chino's tailings at Hurley and other tailings in the Whitewater Creek
area; and 4) sample any flows into Whitewater Creek.

The results of the SIF are presented below. The ‘location of Chino
Mines is depicted on a map of New Mexico below.

Raman \_{Granrs
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II. Background

The Kennecott Copper smelter and concentrator and Santa Rita Mine,
hereafter known as Chino Mines, is located near Silver City in
Grant County, in the southwestern section of New Mexico (Figures
1 and 2). Grant County is composed of wide expanses of plains,
gentle to ruggedly contoured hills, and mountains rising to 10,000
feet in elevation. The first 4 miles of the Chino site and
Whitewater Creek, at the northern end where the open pit mine and
leaching operations are located, trends northeast to southwest
through a rugged valley. The topography abruptly opens up at the
town of Bayard. Whitewater Creek, which begins at the precipitation
plant (p-plant) at the open pit mine, continues almost due south
from Bayard through the company town of Hurley where the Chino
Mines smelter and tailings disposal areas are located.

Hurley is situated in a basin which extends southward at least
as far as Deming, in what is called either the Hurley Plain or
the San Vicente Basin. This basin is important because it contains
the principal towns and communities in Grant County and is underlain
by an extensive reservoir of ground water which will yield moderate
to large amounts of water to wells.

The climate of the Chino site is semi-arid with rainfall in the
more mountainous open pit mine area ranging between 16 and 24 inches
per year. The basin area around Hurley has annual precipitation
near the lower end of this range. The majority of the precipitation
occurs during July and August in the form of afternoon showers.

II. Geologic Setting

The Chino site 1lies within the USGS's Santa Rita quandrangle.
It is near the southeastern tip of the Colorado Plateau and on
the north rim of the Sonoran geosyncline, where sedimentary rocks
are relatively thin (Jones, USGS, pp- 120 FF). 1In the Santa Rita
region, the predominant structures of the southeast-trending belt
includes faults of southwest to northeast trend (see Figure 3).

Many types of rocks ranging in age from Precambrian to Recent occur
in the Santa Rita area:

1) gneiss of Precambrian age;
2) quartzite, shale, dolomite and limestone of Paleozoic age;

3) andesite breccia of Late Cretaceous, and Early Tertiary
age;
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4) syenodiorite to granodiorite sills, laccoliths and dikes
and granodiorite, quartz monzonite, quartz latite and
rhyodacite stocks, dikes and plugs of Early Tertiary age;

5) rhyolite to quartz latite crystal and lithic tuffs, and
andesite and basalt flows interbedded with water laid
deposits of sand, tuff and conglomerate of Miocene age;

6) valley fill deposits of Miocene to Pleistocene age.

The Santa Rita (Chino) open pit mine itself and its genesis is
described in layman's terms below (from Schilling pp. 27-28).
Millions of years ago, oceans covered the area. Sedimentary rocks
formed on the ocean floor and along the shore lines. Later, internal
geologic forces folded and cracked these sedimentary rock units.
Approximately 70 million years ago, great masses of igneous rock
forced their way up through cracks in the sedimentary rocks (forming
dikes), between the different sedimentary layers (forming sills),
and massively into the main body of sedimentary rocks (forming
stocks). The Santa Rita mine ore body is one of these stocks.
As a stock formed, it cracked the surrounding rocks and the top
of the stock itself which had cooled enough to be somewhat solid.
Hot water, containing dissolved minerals found its way into every
crack that had formed and deposited its minerals as pyrite,
chalcopyrite (a copper pyrite) and other minerals.

Later, the overlying rocks and the top of the stock were eroded
away. Water and oxygen caused the pyrite to oxidize to iron sulfate
and sulfuric acid. The acid dissolved the chalcopyrite which
trickled further down into cracks until it reached the water table
where it reacted with fresh pyrite and deposited chalcocite (mineral
made up in part of copper and sulfur), in quantities high enough
to eventually be profitably mined. Finally, volcanoes spewed out
lava and. ash (tuff beds) which covered the mine. Erosion later
uncovered the ore deposits again. Figure 4 is a simplified depiction
(from Schilling) of the Santa Rita Mine.

ITI. Hydrologic Setting

1. Surface Water

Whitewater Creek (an intermittent stream) cuts down through
hornblende quartz diorite. from its outlet below the Chino
precipitation plant to the town of Bayard. It then flows over
gravels for a short stretch, and alluvial units for 5 miles between
Bayard and Hurley. Just north of Hurley, Whitewater Creek encounters
the Gila Conglomerate over which it flows until its intersection
with San Vicente arroyo (dry) approximately 10 miles south of Hurley.
There are no perennial streams in the Santa Rita area although
all streams flow at some time during the year. Dewatering activities
on Hanover Creek, a tributary of Whitewater Creek, have made that
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creek artificially perennial at times. Surficial flows occur
after precipitation events or as the. result of snowmelt runoff.
Whitewater Creek flowed rather frequently as a result of discharges
from Chino mining operations and the Groundhog Mine dewatering
operation up until 1985 when most low volume flows ceased.

Streams of the Santa Rita area drain almost entirely southward

into the Hurley Plain mainly through Whitewater Creek. The main
tributaries that join Whitewater Creek are Gold Gulch and Hanover
Creek.

2. Ground Water.

The ground water regime at Chino encompasses water found in intrusive
stock, limestone, sandstones, volcanic tuff, Gila Conglomerate,
and the alluvium. The accompanying figure (Figure 5) from Trauger
illustrates the type of aquifers found over the Chino site area.
Figure 6, also from Trauger, depicts the regional water table in
the area of the Chino site. The stock that is being mined in the
Santa Rita open pit copper mine. is principally quartz monzonite
porphyry and quartz diorite porphyry, penetrated by granodiorite
porphyry dikes. These types of rocks weather from the land surface
downward, and along the planes of both horizontal and vertical
joints. :

A well located in a crack or joint is generally emplaced at the
bottom of the crack -where the water is presumed to be situated
~on top of the solid, unweathered rock. These rocks are generally
more weathered under the flatter slopes than under the steeper
slopes, and are more open jointed and fractured in the vicinity
of large faults. The upper course of Whitewater Creek follows
the Groundhog Fault. Consequently, wells drilled along this channel
would offer a better chance of finding water in joints and fractures
than would wells drilled on the ridges and interstream areas.
Additionally, these intrusives are cut by dikes which would
compartmentalize any water that would be found in the faults and
joints that do have dense interconnections. One would expect water
from these types of wells to be undependable from the standpoints
of both yield and longevity and this is verified along Whitewater
Creek (Trauger, pp. 33-35).

Highly colored flow rocks of volcanic origin form in part the cliffs
and rims overlooking the Santa Rita mine, Whitewater Creek stream
bed and the Hurley Plain. These rhyolitic rocks are dense and
generally yield little water.

However, rubble zones may occur locally between individual f£flows
and can serve as aquifers. Some sediments found interbedded with
the pyroclastic and flow rocks are mixtures of clay, sand, pumice
and coarse pyroclastic material and locally may yield a few gallons
per minute, or enough for a small domestic well.
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Marine sedimentary rocks in the site area include carbonate rocks
and clastic rocks. The carbonates are massive to thin bedded,
generally dense, finely crystalline, commonly sandy, silty and
cherty. Carbonate rocks are more likely to yield water in the
site area than are other marine rocks. Yields range from very
small to large depending on the structure of the rocks, depth of
penetration and topographic position. Just south of the Chino
smelter at Hurley, the Apache Tejo well field yields industrial
quantities of ground water from the underlying limestones. This
well field has yielded hundreds of gallons per minute (gpm) of
good quality water for the Chino copper operation for decades
(Kennecott Copper Discharge Plan, 1981). Evidently in this area
the joints, fractures and solution channels are sufficiently well
developed, interconnected and cavitated to allow easy movement
of groundwater. Marine clastic rocks in the site area also include
the Colorado Formation (CF) Sandstone, interbedded with shale.
Trauger (page 39) states that the CF, inherently a poor aquifer,
has been made poorer by compartmentalization by igneous dike systems.

The continental sedimentary deposits are the largest and most
important sources of ground water in the site area. These include
the Gila Conglomerate, which provides most of the water for public
-and private water supplies and for the huge mining operations in
the area. These deposits were all laid down on the land surface
by streams, in lakes, or by the wind. The Gila Conglomerate (GC),
of the Late Tertiary and Early Quarternary Ages, is the most
widespread of the continental deposits in Grant County. The GC
consists of poorly sorted sediments that range from uneconsolidated
to strongly consolidated. Two major divisions of the Gila, an
upper -and a lower, can be recognized area wide. The lower part
of the Gila furnishes very little water to wells; the upper Gila
can furnish moderate to very large amounts. Chino Mines operates
several large well fields in the Hurley Plain in the upper Gila.

Sand and gravel in the channels and under the flood plains of rivers
and creeks are unconsolidated continental deposits commonly referred
to as alluvium. Trauger locates significant alluvial deposits
between the towns of Bayard and Hurley along Whitewater Creek.
Also included in this category is the material immediately underlying
the surface of the valley floors (bolsons). The composition of
the material ranges from fine to coarse, from clay to boulders.

The alluvium is hydraulically connected to the underlying Gila
Conglomerate, bolson deposits, volcanics, and limestone.

Bolson deposits are similar to river channel and flood plain deposits
but can attain great thicknesses. Bolsons contain a heterogeneous
mixture of rocks from the surrounding uplands. Mostly
unconsolidated, some beds may be locally cemented with calcium
carbonate, limonite or silica. In intermontane valleys, such as
the Hurley Plain, it may be difficult to distinguish bolson deposits
from the Gila Conglomerate. Bolson deposits and the upper part
of the GC constitute a ground water reservoir of great capacity
and excellent quality. It is this aquifer which has been most
threatened by wastewater from mining operations at the Chino Mines
site. The aquifer are recharged in part by flow through the
overlying alluvium.

05



IV. Mining Operations

Several mining operations occurred along the Whitewater Creek
watershed in recent history. (see Map No.l for location of these
operations). These include the Ground Hog zinc mine, owned and
operated by ASARCO, which 1is 1located in Section 5, Township 18
South, Range 12 West. This mine is just south of the outfall from
Chino precipitation plant. This is an underground mine operated

into the 1970's. The ore from this mine which was transported to
a mill located near Deming, New Mexico. A SI was submitted by
the EID for the Groundhog mine on March 7, 1985.

The Bullfrog mine and mill is located about a mile northwest

of the Groundhog, adjacent to the town of Vanadium, in parts

of Section 31 and 32, Township 17 South, Range 12 West. The

Bullfrog mill was owned by U.S Smelting and Refining and Mining
Co., and operated until about 1975, and generated a tailings pond
which impacts Whitewater Creek as a result of surface runoff (see
Table 8). It is not known what the impacts on groundwater are
from the Bullfrog operation as there are no monitor wells in the
immediate area. The Bullfrog tailings also impact the environment
as a result of wind-blown tailings. '

- The main contributor to environmental degradation at Whitewater
Creek is Chino Mines Company. Chino is presently owned by Phelps
Dodge Corporation (PD), but up until 1986 was a part of Kennecott
Copper Corporation (KCC) of Salt Lake City, Utah. Wastewater from
the principal operations at Chino have impacted the environment
and they will be discussed here in brief (see photos 1-4).

The Chino open pit copper mine waste dumps and leach dumps are
located at Santa Rita. This mine is one of the oldest in the United
States and dates back to the 1700s when New Mexico was still a
part of Spanish territory. Indeed, a crown grant from the Spanish
was utilized to build the town of Santa Rita. Slave labor and
local Indians were used for mining at Santa Rita. Mining was
primitive. Vertical shafts were sunk, and horizontal adits driven
along fractures until native copper was encountered. Everything
was done in tiny spaces, often on the miners' hands and knees,
utilizing only picks as tools. Although only native copper at
first was mined, a crude smelter was later added to treat high
grade ores (greater than 107 copper). Early mining was often
pre-empted by Apache raids and the future of Santa Rita was in
doubt until the 1880s when the Apache Indians were finally subdued.
During the American Civil War, the Confederacy occupied the fort
(built by the Spanish) at Santa Rita and utilized it as an outpost.
By the 1880s, mining had removed all the high grade ore and Santa
Rita was another New Mexico ghost town. However, in 1905, John
Sully, a young mining engineer collected and assayed 4,300 samples
and determined that a tremendous amount of copper ore remained
at Santa Rita, but it contained less than 27 copper. Sully suggested
that open pit mining techniques could be employed to economically
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extract the ore. In 1910, open pit operations were initiated,
and have continued to the present day (Schilling, pp. 28 ff).
At the Santa Rita mine several types of wastes are created.

WASTE CHARACTERISTICS

1)

2)

Overburden or waste rock. This is material that continuously
has to be removed to get to the copper values, or is rock

from the ore body containing too low copper values for economic
recovery. This rock is piled up in big lifts on the edge of
the mine. In some places, for example, say directly overlooking
Hanover Creek or Whitewater Creek, runoff from these waste

piles or seepage through these waste piles containing high
sulfates and acidity and heavy metals, makes. its way

into Hanover Creek or Whitewater Creek. If one assumes that
3 tons of rock are moved for every ton of ore concentrated
and the average amount of ore processed through the concentrator
each day since 1910 is a conservative 10,000 toms (it is now
50,000 TPD), there are approximately 854 million tons of waste
rock in the waste dumps at the mine.

Leach dumps - These dumps cover approximately 1300 acres on
the Whitewater Creek drainage, and contain rocks in which copper
values not economically viable through the concentrating process,
or exist in a mineral form not amenable to concentrating, but
are economically recovered by leach methods. These dumps are
prepared (by leveling and berming) on the surface to accommodate
fluids percolating through them either by flood irrigation
or by sprinkling. Either sulfuric acid is directly added to
the dumps or water percolating through the dumps oxidizes (with
the help of bacteria) pyrites which in turn form sulfuric acid.
The acid attacks the surfaces of the broken-up ore and dissolves
copper and other heavy metals from the surfaces of the rock.

~The leach dumps are located on natural drainages, so that the

fluids which have percolated through the dumps (pregnant

- solution) follow the natural drainages and are collected in

surge ponds and directed to the ''precipitation" or "precipitant"
plant (p-plant). The p-plant uses iron (in the form of '"tin"
cans) to remove (by reduction) metallic copper from the pregnant
solution. This solution, now called the barren solution,
is pumped up to the dumps again to begin the leaching cycle
all over. Dump sections are taken in and out of production
in order for a particular section or dump to be dried out and
re-innoculated with oxygen after surficial salt crust buildup
is removed by bulldozers. The leach solution (pregnant or
barren) has a pH of about 2, total dissolved solids of
approximately 50,000 mg/l and contains high concentrationms

of heavy metals such as copper, cadmium, irom, zinc, lead,
nickel, cobalt, and other transition metals (see Tables 1 and

11 which depicts discharges of barren solution from the p-plant).
Runoff from these leach dumps at the p-plant has occurred
routinely down Whitewater Creek since the mid 1930s.
Consequently, the adjoining aquifers (alluvial, igneous and
conglomerate) along Whitewater Creek have been significantly
degraded beginning at a pointjust below the precipitation plant
to at least the point where Whitewater Creek crosses U.S. 180,
10 miles below Hurley.



3)

Mine Water - This is, according to Chino Mines, approximately
one billion gallons of acidic, heavy-metal-laden, high TDS
water that has accumulated in low spots (from runoff or seeps)
in the mine or is pumped up to excess mine water reservoirs
from the upper Whitewater reservoir at the p-plant during periods
of precipitation or technical problems at the p-plant <(see
Table 2). The impact on the environment of this excess mine
water as it sits in the pit or excess-water reservoirs is not
known since it has yet to be investigated to any great extent.
For the last 2 years Chino has been neutralizing this water

(up to 200 million gallons) before adding it to tailings (which
are at pH = 9). The tailings are deposited at the disposal

area near Hurley.

Concentrator Wastes - Until 1983, concentrating of copper
at Chino Mines was done at Hurley adjacent to the smelter.
However, all concentrating is now done at a new concentrator
(the Ivanhoe) located adjacent to the mine site. Tailings

liquor and solids tailings are the final waste-products resulting
from the concentrating process. The concentrator utilizes

froth floatation (or flotation) to extract copper values in

the form of "concentrate" (33% Cu, 33% sulfur, 337% iron and
silica) from an average of 50,000 tons of ore per day. The
"concentrate" provides the feed for the smelter. The mined

ore is finely ground and milled before froth floatation occurs.
Since the copper content is less than 17 of the ore, and since
lime is added in the concentrating process, approximately

50,000 T/D of tailings report as a 50% -solids slurry (by 7
miles of a triple pipeline) to the disposal area(s) south of
Hurley. The tailings  have a pH of approximately 8-9 (which
minimizes heavy metals in a mobile form in the tailings liquor),
TDS of 2500 mg/l and sulfate of approximately 1500 mg/l (see:
Table 3 for heavy metal analyses of Chino's tailings).
Approximately 2200 acres of the Hurley Plain is covered with
Chino's tailings. Assuming an average of 10,000 TPD ore _
throughput at Chino since 1910, approximately 285 million tons

of tailings are found at the disposal site. o

Smelter Wastes

There are several operations at the smelter at Hurley which
create waste fluids. Sulfuric acid plants are an integral
part of the air emission control strategy at Hurley. Amn acid
plant at the smelter converts sulfur dioxide (from the smelting
and converting process) to sulfuric acid. The sulfuric acid
plant has several by-product streams (acid plant blowdown)
which are directed to an area just east of the smelter. The
acidic blowdown fluid is neutralized with lime before disposal
and directed to the western sector of Lake One. It is not
routinely discharged down Whitewater Creek although a recent
precipitation event caused flooding which resulted in a discharge
of neutralized acid plant blowdown to enter Whitewater Creek.
Acidic sludges from the INCO furnace at the smelter are also
treated with lime and disposed in the same area adjacent to

Pond 1. A sample analyses from the acid plant blowdown that

~has been neutralized is depicted in Table 4,
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D. Other Hazardous Substances Sources

Minor sources of hazardous substances besides those mentioned
above also occur along the Whitewater Creek streambed. There
were approximately 7 private but illegal copper recovery
operations that existed between the p-plant and the Bayard

sewage treatment plant. These private recovery operations
utilized the same technolbgy as the p-plant but on a on miniature
scale. Evidently, Whitewater Creek flow from Chino's p-plant

was constant enough to be diverted by private individuals through
crude structures which contained iron cans. The copper in
solution in the Whitewater Creek flow plated out as metallic
copper on the cans and was recovered in this way. Unfortunately,
much more available iron (and perhaps other heavy metals) were
introduced into Whitewater Creek by these private operations

in this oxidation-reduction recovery process. Photos 5 and

6 illustrate the remnants of several of these recovery
operations. Table 5 contains analyses of sediments collected

at various points along Whitewater Creek including a set from
private recovery operations (see ''private recovery operation'
and F. Torres one and two).

Another source of hazardous substances is the tailings pile
(called the Bullfrog) at Vanadium, formerly operated by United
States Smelting and Mining and Refining Co., and presently

owned by Sharon Steel. Photos number 7, 8, and 9 illustrate

how sediments and salts from this tailings pile have been washing
down into Whitewater Creek. Table 6 includes sample data from
the Bullfrog tailings which documents how the Bullfrog discharges
make their way into Whitewater Creek. The Bullfrog tailings

and runoff sediment samples are high in Cu, Fe, Al, Pb, Mn,

Ni, Co. and Zn. Compare these values to the background stream
sediment samples taken in Hanover Creek above the confluence
with Whitewater Creek, in Lampright Draw and 150 yards off
Pipeline Road (sampling points located on Map 1). These

sediment background samples are taken from tributaries of
Whitewater Creek which have been unaffected by flows down
Whitewater Creek but which should reflect streambed background
sediment heavy metal concentrations.

Ground Water Route

At least three aquifers are -documented below to have been
contaminated by mining operations at the Chino site. The two
aquifers most affected are the alluvium and the Gila Conglomerate.

The alluvium along Whitewater Creek has been impacted by discharges
of acidic leach water from the precipitation plant (p-plant) which
is used in conjunction with the leach dumps at the Santa Rita mine.
These acidic leach waters are characterized by high TDS, sulfate
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and heavy metals, (see Table 1 for heavy metal concentrations of
fluids discharged from the p-plant). Alluvial aquifers exist from
just south of Bayard to just north of the Chino smelter at Hurley
(Trauger Geologic Map of Grant County, Figure 1). At least 9 "small
capacity" wells were identified by Trauger in the alluvium in this
- area. Three alluvial wells near North Hurley have been sampled
in the past by the EID and Chino. These are the *
and wells, all hand dug wells. Historical data {(pre-CER
provided by Chino Mines for these three wells are included in Table
7. A recent EID-CERCLA sampling (1987) of the well is
depicted in Table 8. It is documented that in the well
there are elevated levels of Al (140 mg/l), C€d (0.035m ), Co
(0.88 mg/l), Cu (l4.mg/l), Fe (120 mg/1l), Pb (0.59 mg/l), Mn (23
mg/l), Ni (0.3 mg/l), and Zn (13.0 mg/l). Several other shallow
wells were sampled around Hurley and this data is included also
in Table 8. The locations of the wells sampled are on Figure 9.

Since the alluvium directly overlies the Gila Conglomerate (GC)
in the Hurley Plain where the [(JJJ§JJ well is located, and because
the alluvium 1is hydraulically connected to and recharges the GC,
(in fact, has contaminated the GC) the GC can be used as background
water quality for the alluvium in the Hurley Plain. The background
water quality of the GC in the Hurley Plain is excellent and
remarkably constant. Table 9 includes a summary of water quality
data for Gila Conglomerate wells located at the Chino site. There
are no detectable concentrations of any of the heavy metals which
are found in the well evident in any of the background Hurley
Plain wells. These background GC wells are located some distance
away from the Whitewater Creek stream channel (that carried acidic
p-plant fugitive flows), and are distant enough from the tailings
that no impact from the tailings is manifested. The location of
the sampled wells are indicated on Map 1.

The second aquifer impacted is the Gila Conglomerate (GC). As
stated above in an earlier section, the GC (and associated bolson
deposits) is the principal water supply for the Silver City area.
The EID has collected an abundance of ground water data in the
GC aquifer in the vicinity of the tailings disposal area near Hurley.
Some 60 monitoring wells are routinely sampled by Chino and EID
for general chemistry and heavy metal analyses. Although this
voluminous amount of data will not be submitted in this SIF report,
data will be presented from one of the most contaminated GC wells
at Hurley. This well is 16S and its location is not far from the
Whitewater Creek streambed or Lake One. (see Map 1 for location).

Heavy metal data for GC wells are listed in Table 9 for 2 sampling
periods. The 10/21/86 sample was taken by Chino, split with the
EID and the analyses accomplished by the New Mexico state lab (SLD)
and Chino. The April, 1988 sample was taken by Chino and analyzed
by the CEP Laboratory in Santa Fe. This data indicates ground
water from 16S contaminated with copper, cadmium, cobalt, iron,
manganese, nickel and zinc. The pH of the water from 16S in both
instances was approximately 3.9.
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This acidic ground water must have resulted from discharges of

acidic fluids orginating from the p-plant located at the Santa
Rita mine. These acidic discharges (discussed above) have
periodically occurred since the late 1930s. These acidic discharges
have impacted the area adjacent to and south of the tailings via
recharge from Whitewater Creek, as well as all along Whitewater
Creek up to the p-plant. Although there is certainly seepage also
from the tailings, the tailings are basic (the concentrating process
involves addition of lime and froth floatation occurs at pH=9-10).
TDS and sulfate concentration in the tailings liquor are much less
than TDS and sulfate concentrations existing in 16S. This indicates
that the source of the more severe ground water contamination at
Hurley, at least in those areas adjacent to Whitewater Creek, is
the p-plant overflow to Whitewater Creek.

As stated above, the tailings also undoubtedly seep. Chino states
that the tailings seep at the rate of 1850 gpm (Kennecott Copper
Discharge plan, 1981). However, all the tailings monitor well
water quality data (away from Whitewater Creek stream channel and
thus unaffected by acidic p-plant discharges) that have been impacted
by tailings reveal elevated levels of sulfate and TDS but no elevated
levels of heavy metals, including copper. Evidently the combination
of basic tailings and alkaline content of sediments in the GC
preclude mobilization of heavy metals. New Mexico Ground Water
Standards for TDS and sulfate in this groundwater, however, have
been exceeded due to tailings disposal. Table 9 includes data
from S8 and 9S which have been impacted solely by the tailings.

The background water quality data for the GC is also found in Table
9. The . background water quality is excellent. It is apparent
that the GC aquifer is contaminated with heavy metals, TDS and
sulfate.

In the immediate area of Bayard many residents had relatively shallow
wells sunk into intrusive rocks such as hornblende quartz diorite.
These wells did not yield large quantities of water and at times
were undependable water sources. The locations of the Bayard wells
were adjacent to Whitewater Creek where one would expect to find
the greatest and most trustworthy sources of ground water. Many
of these wells went bad as a result of discharges down Whitewater
Creek from Chino's p-plant. The EID did an exhaustive search for
residents who still had wells that could be sampled, and present
the results of this sampling in Table 8. Many of these wells are
contaminated with TDS and sulfate. Trauger also reports 28 wells
in the area from Bayard to Hurley, all located in close proximity
to Whitewater Creek. Table 10 (from Trauger) includes information
on these wells. Several of the Trauger wells are still in existence
and ampled by the EID. These include the well (1),
the well (8) which is now dry, the well (3), also
known as the - well and the Kennecott ange well (7).
References are made in Trauger's report (pages 149 and 150 included)
to mine waste waters ruining wells, (at 18.12.6.314 the
Well, 18.12.18.133 - well and 18.12.18.133a). 30
these wells are adjacent to Whitewater Creek. The wells identified
in Traugers report are located on Figure 8.

11



Surféce Water Route

There are admitted and documented releases of deleterious fluids
by Chino into Whitewater Creek. The most recent incidents occurred
during the period between July 8 and July 20, 1988 (see Appendix
A), and indefinitely beginning September 1, 1988. Currently,
discharges periodically occur as a result of either a large
precipitation event, unforeseen equipment breakdown, leach dump

landslide, or desire to waste excess mine water. However, prior
to 1984, discharges were routine at the Chino p-plant. These
discharges (as stated above) are characterized by 1low pH, high
TDS and sulfate and elevated heavy metal concentrations. Chino

has sampled these discharges over the years and Table 11 is a
submittal they made to the EID which summarizes the chemical
characteristics of p-plant discharges (Kennecott Copper, Discharge
Plan Application, 1981).

Additionally, the EID and Chino have sampled these discharges many
times over the last five years. Examples of analytical sampling
results are compiled in Table 1. The samples from Hanover Creek
(a tributary of Whitewater Creek), although impacted to a certain
extent by zinc mining, can be considered background for Whitewater
Creek, Analyses of this water is included in Table 1. Heavy metals
concentrations of Whitewater Creek fluids above background include
aluminum, cadmium, copper, iron manganese, =zinc, arsenic, lead,
selenium, nickel, and vanadium. An observed surface water discharge
was also photographed from the air by EPA's Las Vegas Environmental
Monitoring Laboratory on September 12, 1976. These photos are
in EpPA files in Dallas and Las Vegas. An observed surface water
release has been documented. The discharges from the Bullfrog
tailings to surface water have been discussed above in Section
D.

Air Route

Evidence for air releases have been collected at the Chino site
in the area directly east of the tailings. Aerial photographs
taken by the EPA Las Vegas Laboratory on September 12, 1976
illustrate how the tailings have blown over the terrain in the -
area just to the east of the tailings. The EID has in its possession
copies of these photos but are not submitting them as part of this
report. The EID is attempting to get another copy of these photos
from EPA Las Vegas. These photographs should also be in the files
of the NPDES section in Dallas. A photograph (photo 10) taken
by the EID on site on October 5, 1987, illustrate that dunes have
formed east of Chino's tailings. This proves that the Chino tailings
are being carried by wind away from the main tailings disposal
site. '

The EID also did an air transect in the direction of the prevailing
winds and sampled soils 270, 552, 834, and 1116 feet downwind of
the tailings, as well as the wind-blown tailings themselves. Samples
were taken with a trowel from the surface of the ground. The

12



analytical data from the state laboratory (Table 12) indicates
that the air transect sediment samples have elevated levels of
copper over the background sediment samples taken at areas away
from the tailings.

Finally, there is also documentation for an air release from the
Bullfrog tailings located just west of the Santa Rita pit. These
air releases are significant because several private dwellings
and the Vanadium Post Office are located within a quarter mile
of the tailings in the prevailing wind direction. Photographs
11 and 12 illustrate how the tailings have been eroded by wind
over the years. In photograph 12 one can observe wind-carved
erosional features in the background. It is obvious from this
photo that significant quantities from the top of these tailings
" have blown off-site. Table 6 includes heavy metal data of tailings
samples taken from several locations. It is obvious that these
tailings samples are elevated in copper, iron, lead, manganese
and zinc over background sediment samples. These photos and data
from Table 6 document an air release at the Chino or Whitewater
Creek site.

13
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Talasd

E Y 0)

S

NP2

,o8™
L/ - .
Mme 2 OS5, D, e05 , )/ 23 .3 mg/fs. ‘Ll’“s /0 K LGS o8 L cowo

DATE LAB ' : Heavy Metals
YY,MM,0D NAME Al cd cr Cu fe Pb Mn 1] In As Se Hg Comments
DISCHARGE FROM ’ .
P-PLANRT AT : sampled and analyzed
(CHINO) P-PLANT by Chino

861006 510.00 0.17 = 166.00 9430.00 - 352.00 - 74.00 - - - 1DS = 20,300; pi = 2.9
W.W. CREEK AT
HANOVER BRIDGE . Sampled by EID

8%0117 Sto - 0.37 - 89.00 - 0.06 376.00 7.90 114.00 0.09 0.08 1DS = 24809, Filtered
W.W. CREEK 100 .
YDS. BELOW SPILLWAY - Sempled by EID, filtered

841214 SLO 2600.00 - - 360.00 26400.00 < 780.00 8.00 200.00 - - - Co = 24 mg/l
W.W. CREEK AT
OLD BAYARD SEWAGE
TREATMENT PLANT .

841213 SLD - 0.29 - - - 0.39 - - 118.00 0.21 0.05

BACKGROUND SAMPLES

H.C. 1.6 MI. BE-
LOW FIERRO SPR.

871006 sLD <1 <001 <005 <.1 1 <01 <05 <1 <1 NE
H.C. BEFORE CHINO

DIS. AT W.D.

871007 SLD .1 <004 <.005 <005 <.1 <.01 0.15 <1  1.00 NF

TABLE 1

Discharges ipto Whitewater Creek from Chino Mines P-plant



mg/!l

DATE LAB Heavy Metals
YY,MM,0D  NAME Al cd cr Cu Fe b Mn Ni n As

-y
) ' EXCESS MINE H20

FROM RESERVOIR 5

- sLp 2040.00 6.31 0.20 110.00 2480.00 0.01 650.06 7.30 176.00 0.40
871020
TABLE 2

Typical sample of Chino Mines “Excess Mine Water"

Se

Coaments

sampled by EID, pH = 2.9
Filtered, Co = 28 mg/l

THS=40,868 mg/1



91

DATE
YY, MM, DD

BG 150 YDS.
PIPELINE RO.
871005

NE CORNER OF TAILS

LAB
NAME

OFF

SLo

ADJ. TO LAKE ONE

871005

SLD

. ug/g dried sample
Al cd cr Cu Fe Pb Mn Ni In  Comments

BACKGROUND SAMPLE

8300 < 5 83 8800 <5 610 9 40
8200 < 20 620 50000 26 370 5 40
TABLE 3

Analyses of a sample of Chino Mines Tailings



L1

DATE LA

YY,MM,DD  NAME Al Cd cr Cu
LAKE ONE @ SE
CORNER @ OUTFALL
871005 SLD 0.90 0.01 0.01 4.30

TABLE 4

Heavy Metal Analyses of acid plant blowdown

mg/L
Heavy Metals
Fe Pb

2.80 0.03

that has been neutralized by lime
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"AT 3 FEET

DATE LAB
YY,MM,DD  NAME

UPSTREAM OF HANOVER
BRIDGE BEFORE CONFL.
871005 SLD

BG HWY. 180
@ LANP BRIGHT DRAW
871006 sLo

BG 150 YDS. OFF
PIPELINE RD.
871005 SLo

W.W. CK. BELOW
LAST CHANCE DAM
871005 SLD

W.W. CK. @ PRIVATE
RECOVERY OPER.
SLD
ALL
A .
871110 SLD

1 SuMP

871110 SLD

NEAR INLET TO
LAKE ONE
871005 SLO

W.W. CK. SURF. SALTS
ADJ. 10 GROUNDHOG MINE

871005 SLo

SED. STREAM SAMP. JUST

UPSTREAM OF W.W. CK.

_ CROSSING HWr. 180

871007 SLD

N. BANK UPSTREAM
OF HANOVER CULVERT
871005 SLD

At

3800

6500

8300

6100

22000

7900

6800

5800

19000

3200

4300

cd cr

Cu

fe

"ug/g dried sample
Pb Mn Ni

BACKGROUND SEDIMENT SAMPLES

< <5
< 9
< H
< 10
< 30
< 10
< 10
< 20

20 9
< 5
< 30

380 21000
0 8300
83 8800
680 40100
15000 79500
2000 27000

600 41000
90200 72800
12000 13000

250 18000
430 69000°

TABLE 5

70 1100

A

5 320 9

<5 610 9

72 600 8

™ 900 30

150 220 9

340 240 <

580 1900 54.

120 13000 140

9 130 <

52 230 <5

in

1300

30

4«0

180

390

240

430 ™

3300

30

Comments

Sediments from Hanover Creek before it merges
with Whitewater Creek

Sediments taken from Lampbright Draw just
before it goes under Hwy 180.

See Map 1 for location.
sample’

"Backeround sediment

Sediment sample taken from Whitewater Creek
within 50 yds of discharge point from p-plant

LakeRu e i ChangSug Tl ebpndred yards up Fron
Spdineaty D39 Cts AhyREdvate recovery
Ditto
%en ffaﬁ UH Cr. at "delta" where WW Cr.
gggge rggrg\ 'E'Nﬁdéiegﬂ Groyndhog head frame

te

J Cr. sediment mxi s beloy Hurley where WU
Egg gggeEhﬁw ggéh%%é!é no%1ceaLie

Sediment sample from WW Cr. just before
confluence with Hanover Creek

Analyses of Sediments collected from Whitewater Creek stream bed at various locations



G1

DAVE LAS ug/g dried sample

YY,WM,0D  MAME Al ©d C Cu fe P> Wn Wi In Comment s
UPSTREAN OF HAWOVER BACKGROUND SEDIMENT SAMPLES
BRIDGE BEFORE COMFL. _
871005 SLb 3800 <« <5 380 . 27000 7 1100 < 1300
8G MUY, 180
AMP BRIGNS DRAV :
‘B;IM ) 6500 < 9 4 80 3 320 9 0
8G 150 YDS. OFF
PIPELINE RD.
871005 SLD 8300 <« 5 a3 8800 <5 610 9 40

VANAD. TASLS TOP OF
. DAM FRONT EDGE @ E. SLOPE : .
871007 LD 1700 < 5 650 101000 20 2600 10 2606 Bullfrog tailings

VANAD. TAILS DISC.
@ CHAIN LINK FENCE

871007 sLD 4200 5 <5 3900 B1200 780 1600 <5 6400 Bullfrog tailings

DISC. PT. FROM VANAD.
TAILS INTO W.W. CK.

871007 sLDp 8000 < < S70 47200 1200 3600 <5 3700 Bullfrog Tailings

TABLE 6
Heavy metal analyses of sediments collected at the Bullfrog (Vanadium)

Tailings Disposal Area
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Heavy Metal Analyses of shallow.alluvial w

TABLE 7

ow Chino Mines discharge from P-Plant
wells in particular :

AN AN A
oS5 LO0ON /.3 « 3 o O /8 < 20 <. $§-5 5
Balade As cd o Fe Ni Pb Zn S0, pH
ant
Water Leve ~-=
Sample 9/72 - 0.10 0.44 164.00 2.44 .30 41.75 2,550 3.0
3/76 0.48 0.05 2.14  203.00 1.76 0.17 28.70 5.951 3.0
11/76 0.30 0.17 6.20 - - - - 2,348 4.7
10/80 0.35 0.04 0.26 246,00 .89 0.29 24 .50 4,242 3.4
2/81 0.53 0.05 1.15 174.00 1.7 0.38 029,30 6,602 3.0
Rifle Range Windmill
400 ft East of Creek-
Water Level 20 ft
3/76 - - - - - - - - -
11/76 - - - - - - - - -
10/80 _ 0.004 0.01 0.02 34.8 0.01 0.13 13.50 72 8.5
2/81 . 0.004 0.01 0.02 4.4 0.04 0.03 2.00 68 8.4
(Across from Ward Well)
3/76 - - - - - - - - -
11/76 - - - - - - - - -
10/80 0.39 0.14 14,50 10.20 2.00 0.25 47.30 4,120 3.3
0.43 0.10 4.40 71.20 2,10 0.23° 38.80 4,737 3.1
ate
EID Sample :
8/72 0.004  0.01 0.01 0.78 0.10 0.005 0.22 29 8.5
3/76 0.004 0.07 0.13 4.40 0.02 0.12 3.70 20 8.0
11/76 - - - ~ - - - - -
10/80 0.004 0.01 0.27 6.20 0.01 0.23 6.60 19 7.5
2/81 0.004 0.01 0.01 0.14 0.01 0.01 0.24 19 8.7
(0.0048) (0.05) (0.14) (7.90) (0.01) (0.20) (6.80) (29) (8.8)

- Continued



TABLE 7 (CONTINUED)

’.\‘C_z_

3/76
11/76
10/80

2/81

f

4.5 Miles Downstream
' 3/76

11/76

10/80

2/81

Lake One Inlet

5.5 Miles Downstream

3/76 '
o) 11/76
- : ~10/80
2/81

Lake One Monitor Well

10/80
2/81

Lo Lo ST s 3 G S
As Cd Cu Fe Ni
0.60 0.15 18.00 15.60 2.40
0.83 0.20" 28.00 - -
0.70 0.18 22.00 38.60 2.50
0.47 0.14 17.50 18.80 2.40
0.48 0.06 7.10 19.90 0.87
0.25 0.09 9.60 31.80 1.10
0.42 0.06 7.80 16.40 1.00
0.46 0.12 13.90 16.40 1.80
0.73 0.14 16.60 - -
0.40 0.12 13.80 29.90 1.59
0.70 0.11 12.70 14.70 1.70
0.004 0.03 0.14 14.70 0.26
0.04 0.01 0.40 5.70 0.24

LS < JS%Q S E O
Pb Zn 4 pH
0.24 50.20 6,528 3.2
- - 7,275 3.4
0.28 50.00 4,490 3.1
0.21 44.40 4.946 3.1
0.13 19.20 2,962 4.0
0.13 23.20 2,880 4.1
0.1 20.80 3,126 3.9
0.24 35.90 5,083 3.7
- - 4,327 3.8
0.17 33.10 3,470 4.0
0.20 32.80 5,639 3.8
0.16 0.96 2,880 6.6
0.19 1.09 2,814 7.2




TABLE 8

FAC. NAME: MWHITEWATER CREEK, GROUND WATER DATE OF PRINTOUT: 3/29/88
DATE 148 ma/l _
YY MM, DD NAME DTW ph Ca Mg Na K HCO3 Cl SO4 NO3-N T1DS METII. OF SAMP. _ Comments
MIMSVIHLE '
871110 SLD - 7.8 56 22 53 2 - 15 46 566 Punp _ Volc.
871007 SLD 20 7.3 244 54 66 3 287 182 343 1218 Tap 0al
PD WELL
NEXT to_ _ : :
8710 LD 11.4 7.4 332 49 478 6 503 264 1125 2598 Bail 0al
W SLD 8.9 " 5,8 600 33 147 7 98 208 2585 4232 Bail -
RIFLE RANGE '
871006 SLD 14.7 6.4 6 2 B7 1 N3 S 66 236 Bail Vole
871109 sLo - 6.2 240 61 55 6 177 197 370 1418 Bail Windmill
- LD - 6.9 496 75 S5 7 217 348 752 2474 Tap . 80 ft deep
BAYARD CANYON
SPRING
OO 871110 SLo - - 26 6 23 3 138 S <5 192 Dip Vole
- - 224 46 85 4 323 31 576 1252 Tap 65 feet deep
5.67 7.3 700 134 156 6 286 424 1355 3882 Bail 50 ft deep
24.2 5.1 468 81 53 S5 266 315 625 2270 Bail -
- 7.2 320 61 64 6 170 225 500 1690 Tap 80 ft deen
- - 540 85 83 6 367 182 1245 2578 Tap _
B-20
981110 StD 47.2 6.6 252 17 39 6 160 <S5 566 1016 Bail _
B-39
871110 SLD 59.3 7.6 2r 2 M 1 297 9 W7 354 Pump Volc
B-40
871110 SLo 10.7 7.8 340 78 9¢ 4 333 S 925 1780 Bail Gila Con.
B-643
871110  SiD - 7.0 660 97 138 4 101 <5 1945 3210 . Punmp Vole

GROUND WATER SAMPLING POINTS NEAR BAYARD AND HURLEY. STRATIGRAPHIC UNIT OF VELL DEPTH LISTED UNDER "COMMENTS"



FAC. NAME: WHITEWATER CREEK, GROUND WATER

DATE LAB
YY,MM,DD  NAME

MIMSVILLE
871110 SLD

SLD
PD WELL
NEXT T
871005 SLD
RIFLE RANGE
871006 SLD
!lllll SLD

BAYARD CANYON
SPRING
DOB871110  sLD

ELL
SLD

SLD

m
-
-

SLD

SLD

WELL
09 SLD

B-20
981110 SLD

8-39
871110 SLD

B-40
871110 SLD

B-43
871110 SLD

Al

0.40

0.60

cd

0.01

0.00

cr

0.01

0.01

0.01

0.01

0.01

Cu

mg/t

Heavy Metals

Fe Pb

10.00 0.03

0.30 -
1.80 -
5.30 0.02
0.20 -

0.70 -

4.4 0.12

0.4 -

1.4 -

Mn

0.44

2.90

8.90

0.07

0.06

0.37

0.92

6.3

TABLE 8 (cuncd.)

Ni Zn

- 2.30

As

Se

Hg

Comments



bc

DATE

LAB
YY,mM,0p NAME
B-44
871110 sip
B-46
871110 SLp

LL

2]

Al

Cd

Cr

Cu

14

Fe

1.5

3.2

120

mg/1{
Heavy “etals
Mn

0.14
0.02 g, 13

0.59 23

0.3 g3

TABLE 8 (co,

Ni n As

Se



FAC. NAME:
DATE LAB
YY,MM,DD NAME  F/NF
Pond 7-A
861022 SLD F
pond 7-8S
861022 SLD f
Pond 7-N
861022 SLD F
8-s
861020 SLD
9-s
861020 SLD F
_16-5
880420 CHINO F
16-s
861021 SLD F
ti% " 16-S
C 861021 CHINO F

DTW

134.11

130.9

56.17

107.88

117.38

WHITEWATER CREEK, GROUND WATER

WLE pH
6.8
6.7
6.9
6.6

6.9

3.95
3.9

3.9

Ca

100
50
40

400

342

476
620

463

5

22

12

83

1"

195

878

161

DATE OF PRINTOUT:
Gila Conglomerate

~mg/1
Na

<10

51

<10

37

38

79

69

62

K HCO3 Cl

<1 105 64
1 188 61
<1 165 1"
7 49 105
3 84 120
16 0 N
18 0 45
18 0 40

TABLE 9.

8/16/88

S04 NO3-N

42

66

50

1302

643

3050
3838

3310

TDS COMMENTS

316 Background

404 Background

284 Background

2396

1312

4850

5630

6470

Heavy hetal analyses of Gila Conglomerate wells. Compare 16S data

to background (7A, 7-BS, and 7-N.) wells.



FAC. NAME:
DATE LAB M&c
YY,MM,DD NAME

Pond 7-A
861022 SLD

Pond 7-B8S
861022 SLD

Pond 7-N
861022 SLD

8-s
861020 sStLD

9-S
861020 siD

16-S
880420 CHINO

16-S
861021 SLD

16-§
861021 CHINO

9¢

=
Al

<.1

150.00

, 005

cd

<.001

<.001

<.001

- 0.18

WHITEWATER CREEK, GROUND WATER

Iy

o/
Cr

<.1

<.1

<.1

<.01

<.t

7 3
Cu

<.1

<.

<.1

141

270

255

DATE OF PRINTOUT:
Gila Conglomerate

-3

Fe

<.1

<.1

98.7

110

188

8/16/88

mg/[ s R
Heavy Metals,o s

,Qj’s_ Mn Ni Zn

<.01 <0?’ <.1 <.
<.01 <.05 <.1 <.
<.01 <.05 <.1 <.
<.01 41.9 0.8 6
<.01 50 1

<.01 209 - -

Table 9(cont.)

<

O e

As COMMENTS
1 <.005 Background
1 <.005 Background

1 <.005 Background

5 <01

18 0.037
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TABLE 10

Records of wells in Grant Coumy—Continued

At L Wansaieee, LIRS
Yian e Ihas Derase .
Location ) A o A Ascve a1 oW RALELS Uw
KUMBYR Ownemom e nast whit or MEAN N A @ o e or Roemanss
PL D [ERTNTTAN [FEY) . ; v wAlLR
{rerv) AP ACE
(rre1)
(*era )
18.10.22.111 - 27 48 5,495 p 23.5 1-14-57 Qg D,S | Dug, concrete cribbing to 30 ft.
22.122 do. - 12 60 5,480 Dry 1-15-57 (Qal) N - Dug in alluvium for frrigation but wss fnadequate, lacer went dry.
22.124 do. - 13 30 5,495 12.2 do. Qal N (D) Dug, stone cribbing.
22.222 _ - - - 5,520 - do. QT Je D,S | Rept good.
» 23.111 do. - 21 60 5,505 17.7 6- 5-52 Qsl P,w D Dug, concrete cribbing; T 12°C.
17.6 1-15-57
26.142 - - 364 16 5,446 40.3 do. Qtg/QTg N - cased 30 ft; drilled to 400 ft for {rrigatioa but never
tested.
26. 144 do. 1952 400 K 16 3,443 39.2 do. Qtg/QTg | T,e Icr _cned 30 ft; yteld 350 gpm; msln water struck at 380 fr.
- 29.23) _ (1930) © 75 8 $,780 | p 53.1 3-16-57 Trp P,w H Strong; T 22°C. ’
33.433 S!-ie zf New Mexico (1880) 18 48 5,760 1.3 do. Trp P.w S Dug, rock cribbing; slte of old spring; week but never dry.
eedro
» 3610 1935 13) 10 5,5%20 28.0 3-20-%7 Tr P,w S - ed 10 ft; drilled to 125 L, never ‘hae pumped out.
316.424 old 3 60 5,460 2.7 do Qal P,w S Dug, concrele and rock cribbing.
‘f 34.4264a 1957 100 R} 6 5,460 16.3 6-21-57 Tba P,w s cased 100 fr; bafling 30 gpm did not lower wl appreciably.
35.3264 (1936) 99 6 5,400 3.7 | 1-16-57 QT8 v | D,s - good.
35.344 - 20 60 5,390 16.6 do Qal P,v D,S | Dug, concrete cribbiug; weak.
35.34a 1952 41 R [ 3,410 24.9 do. Qal P,w D,s -oud.
3%.432 1957 39 16 5,370 8.3 6-21-57 Qal N {Irr) cased 50 ft; perforated 30 to 50 ft; bedrock found at 50 ft.
18.11.73.134 1954 220 l ) 6,165 199.0 4-23-57 (M) P,w s _cuued 10 ft; water found at 206 €¢ rose to 190 fu; bailed 6 ygpm.
L6l Scate of New Mexico 6 24. . 1 - .
5 (Forest Delk) 1936 57 5,920 1 do Qs P,w S strong
18.244 do. - 80 - 5,865 25 do T P,V s Not vieited.
20.21) _ 1953 50 R 16 5,740 15 12-1954 Qal N (Irr) alight ytleld from gravel overlying volcanic rock st SO ft. ’
36.114 Xennecott Copper Corp. - 78 12-6 5,614 15.7 1-12-55 Tx P,w S ell; 6-in casing Inslde 12-in.
18.12. 5.142 Amecrican Swelting & 1932 510 R - 6,120 300 1932 ™! T,e 1ad | Groundhog No | mine shaft; scready yleld of 5 gpm kept mine dry when
Refining Co. bottom workings were at 310 ft below surface-10 gpm from the 410 f¢
level, and 20 gpm trom the 510 ft level;this shaft now connected with
. the Star shatt (17.12.32.444) from which 500 gpm {s pumped steadily.
6.314 01d 13 36 5,824 8.7 9-15-54 Qal N (D) Dug, wooden cribbing; mine waste in adjacent creek rulned well.
\/-133 (1935) si 8 5,780 28.1 9-14-54 Ts P,e I fluctuatew--was 1/ 1t to spriog ot 1954,
7.133a do. - 98 6 5,780 | p 32.1 do. T» P,w ed to irrigation large garden and yard.
13.321 Kennecott Copper Corp. 1956 IS5 R 8 6,225 Dry 1- 4-56 Tr N (S) -rllled ‘in valcantc tuff, no wster found.
/
.‘/15.131 do. - 26 72 5,730 19.7 | 9-14-54 Qal c.8 s Dug. wood cribbing; south well of two.

Well record data from Trauger.

These well locations are denoted on Figure 8.

where wells went bad.

&1

Note entries 5 and 6



Table 12—Records of wells in Grant County —Continued
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Dane
FLE D [ERYRITEY [N AR WAt
(Hery M REACY .
(rren)
.131a Kennecott Copper Corp - 24 8 3,730 16.8 9-14-34 Qal N N | Test hole, north well ot twu.
.133 do. old 22 12 5,715 17.6 do. Qsl P,v (D,8) | Spiral riveted casing; pump out of order; water contaminated about 1947
by ming waste flowluy Ln uncarby creek;south well of two.
.133s do. - 8 48 5,707 9.6 do. Qsl N s) Dug, concrete cribbing; watcr uouscable because of minerals from mine
wastes.
.34l do. - 247 6 3,713 13.4 do Te P,w s
111 - 1944 210 6 5,680 190 6-1954 Te P,e D sed &40 ft; drilled originally to 156 ft, deepaned to 210 ft
11 pump out In 20 minutes with small cspsclty pump. :
112 1933 205 8 5,678 - - Ts P,e 0 ound tivet water at 70 tt, never has pumpad out.
112a _ do. - 26 60 5,678 8.0 6-15-54 Qal P,w C,e Ier duy, concrete cribbliuy; adequate for large garden and ysrd.
113 1948 10 48 5,680 8.1 do. Qal C,e Irr _dug, culvert cribbiug; wtll pump out st ) gpm; water marks
| e wl was 9.9 ft betore current drought. .
a1l - 225 8-6 3,673 197.6 do. Te P,w (D,S) | Eight-1n caning to 15 tt; depth of 6-1i0 casing unknown, but probably
below shallower water-bearlng strata; pump out of order.
.3lla do. - - - 5,770 - do. - P,e D Sealed.
.21 - 13 18 5,651 10.1 12-15-54 Qal N (s) Dug, backffilled around steel casing.
323 (1935) 285 6 5,653 230+ do. Trp P,e D,S | Weak; can pump ouly 5 min a day; water entering at about 225 ft.
L3224 - 125 6 5,665 - do. Trp P,e D,s Weak; can puu-p for about 30 min cach dn).«.
. 124 Kennecott Copper Corp - 24 10 5,623 10.6 do. Ts P,w D,S | Cood.
L 241 do. - 4 60 5,555 2.9 9-26-54 Qal N (D) Dug, and infiltration gallery about 700 ft N E. extends under creek
bed and to 40 HP turbine pump--water used in Hurley Mill.
34.432 da - 13 48 5,723 3.6 12- 2-54 Tr N (v) Dug, concrete cribbing; may be a developed spring.
36.144 do. 1951 296 6 5,565 192.4 1-12-55 T P,w S strong; wl 193 ft at time of drilltng; Zinc ore at 206 fr.
18.1). 1.133 State of New Mexico old 119 96 5,960 100.9 9-15-54 ™I N - Miue shaft, wood timbered; found cuvered by new hiway tn 1962,
1.133a _ - 220 6 5,965 8L.0 8- 8-62 TXL P,e,w| D Had only a few feet of water weveral yesrs ago.
1.313 State of New Mexico 1957 500 [ 5,925 - do. X1 N N Found destroyed in 1962; did not make encugh water to justify installing
pump.
2.114 - 102 6 5,945 88.1 5-10-54 Ke P,w S Pumping less than bk ypm and Jdrawing air.
2.143 do. - 23 - 5,917 22 4-26-54 Qal P,e D,S Dug; weak, will pump out; plenty ot water when ratafall is normal.
2.143a do. - 110 - 5,915 21 do. TX1 N D,S | Will be equipped with pump soon; weak.
2.321 - 1870 26 40 5,910 24.3 do. Qal P,e,wl D,S -dug, rock cribbiong; pumps out 1a 10 min at 25 gpm.
2.323 do. 1948 110 17 3,909 25.3 do. Ts N {rs) Drilled 232 fc as supply well for town of Central; yleld 2 gpm.
2.434 (1915) 83 6 5.890 33.8 4-23-54 Te P,w 0,s Adequate; pumptng tevel 64 ft.

|

net



Table 12—-Records of wells in Grant County —Continued
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18.13. 3.112 (1953) 35 10 5,995 3t.4 6-11-54& Kc N (D) will be equipped with pump soon.
3.114 1948 60 R [ 5,985 | 32 do. Ke P,v D -umplng level 52 tu¢.
3.114a - 58 6 5,986 2.1 do. Ke N (p,5) -
3.132 - .‘IS 13 5,980 - do. Kc P,v D,S - adequate.
3.412 - 200 8 6,026 24.3 9- 8-54 Trp N - Drilled 500 ft as test hole but produced very little water; no caaing.
£.322 (1951) 67 12 5,975 21.2 5- 7-54 Kc P,v J,e| D,S | Enough water to maintuta Inwn amt whrubs.
4.43) - - 6 5,910 - do. Ke J,e D,sS Inadequate during drought; one of two wells at house.
&4.433a - 45 72 5,910 44.0 do Ke P,v - Dug, backfilled around 12-tn plpe {n lower pnrt. of well; has not pumped
out .
P72l - 55 6 5,921 23.9 5-10-54 Qal P,w S wany years.
5.241 1954 JOO R 6 6,010 110.6 10-13-54 Ke P,8 1] cased 11 1t; yleld less than | gpm; firet water found ac 143
to 110 ft by next day; svuthwest well of two.
5.24la 1955 99 8 6,02% 38.7 4-12-53% QTg N (n,s) sand and Jravel at hottom;, balled %0 gpm; (o be equipped sovon.
5.242 1934 280 R 10 - 6,060 92.4 do. qQTg J,e D d & fc; has plenty of water for domestic use.
8.111 1949 172 6 5,995 137.6 ) 5-19-54 Ke P,e ] {rec water found at 180 ft rose to about 135 ft.
-« 8.133 1950 270 R 6 5,965 145.5 5-18-54]1 QTg(?] P.g D,S cased 40 ft; hard rock found at 257 ft; drilled ) ft then bit
ropped 10 ft, and water rose tu 140 fc.
* 8.31) - 207 l_z 3,963 piv7s.4 do. QT P.v s Adequate; weter sliyhtly murky; T 207,
9.211 - 36 72 5,916 26.5 5-10-54 l;c P,w (s) Unused for many years.
9.224 1933 20 7 5,908 17.9 3- 7-54 Qal N ) Bored; middle well of three.
9.224a - 18 60 5,909 15.8 do. Qal P,w H Dug, concrete cribbing to 15 ft; strung; south well of three.
9.224d do. - 50 ? 5,917 22,3 do. | P,v D,S | Drilled ad)acent to old unused dug well; north well of three.
9.230 1953 116 b 5,902 28.7 5-10-54 1 & P,v s -
10.213 - 56 6 5,924 19.1 do. Trp N (s) .
10.444 - 61 48 5.860 | 15.2| 7-29-34]| 1ep | W (s) | Dug, wood cribbiag.
11.212 - 30 8 5,880 30.0 4-23-54 Tep P,w (s) Water supply declined; not used for past twelve years.
11.441 - S5 36 5,837 Dry 5-26-54 (QTg) N - Dug, backfilled around steel drums.
11.4464 1947 - 6 5,831 68.2 5-24-54 QTg P,v S Cased 6 fr; dependable.
l/ 12.111 do. 1953 308+ 6 5,885 255.7 2-13-54 QTg P,w D,; - drilled alongside old ehallow dug well that went dry.
12.113 do. 1944 129 6 5,855 Dry - (QTg) N (PS) Formerly Bayard well No. |; drilled 500 ft; penetrated fault and water
drained away, plugged back to 125 ft; north well of four.
o
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Table 12—-Records of wells in Grant County —Continued

14.

14.

14.

14.

14,

14.

14.

14.

14.

14.

14.

21.

21

Location
NUMBIR

113a

113k

11de

.222

.23

221
221a
222

222a

222
222¢

244
431

431a

432

434

.222

.43}

L4634

bkl

.213

Wanrgprver

Aernon
. Yianr Derrn Diastrren ABUVE Peren Simans or U
OwNek 08 TENANT - " oF wren MEAN A sryow Charst tare o Hisanny
whtt LAND ate AND
PititL Level uN WA
(ree1) (revry MIRPACY rowia
{(rera)
1944 345 6 5,855 69.0 3-21-49 QTg P.w S Forwerly Bayard well No. 3{ yleld 40 gpm but would pump out {f No. 5
. well pumping; dd B8 ft ut yield ot 25 gpm in 1954 when ueed by Ceutral.
87.6 3-23-54
do. 1944 224 ] 3,858 69.2 3-21-49 QTg T.e Irr | Formerly Bayard well No. 5, yield 40 gpm; now used for emall orchard.
88.0] 3-23-34 '
do. 1944 343 8 5,855 69.3 3-21-49 QTg N (PS) | Pormerly Bayard well No. 2; used by Central 1n 1954, weast well of four
88.1 3-23-954
Kennecott Copper Corp - 14 8 5,840 3.1 6-18-57 Qal N - South hole of 3 drilled 20 ft apart, all about 1) to 14 ft deep.
do. 1953 645 20-8 5,975 190.5 4-15-54 QTg N - Golf Course well No. 5; cased 338 ft; yleld 24 gpm, dd 425 f¢; vue;
found at 360, 395, 413, and 540 f¢; bottom of hole shot with dynsmite.
Town of Bayard 1950 - 8 5,830 61.3 3-23-5%4 QTg T.e PS Baysrd well No. 10; nearby wells pumping when wl measured.
do. 1950 100 9 5,830 p 8.1 2-13-54 QTg T.e PS Bayard well No. 9.
do. 1948 102 12 5,830 65.2 3-23-54 Qrg T,e PS Bayard well Ro. 6; nearby wells pumping when wl measured.
do. 1948 126 12 5,830 64.8 do. QTg T,e PS lly'ard well No. 7; reptd yteld 75 gpm with about 25 fr; nearby wells
pumping; Hyd.
do. 1950 - 8 5,830 - - QTg T,e eS| Bayard well No. 8.
da. 1956 250 12 5,830 65 1956 QTg T,e PS Bayard well No. ll; cased 250 ft, perforated 65-250 ft; yield 100 gpm.
Kennecott Copper Corp 1953 274 10 5,818 46.4 2-13-54 QTg N Ind | Golf Couree No. 6; cased 26) ft; drtlled to 310 ft; casing perforated
139-161, 182-203, 243-26); yleld 145 gpm with B ft dd.
do. 1953 210 14-10 5,795 30.9 5-26-54 qTg N - Golf Course No. 1; cased to 116 ft; yleld 28 gpm; fissured rock between
. 220 end 225 ft; water found at 42 ft; about 100 ft NW of No. 2 well.
do. 1953 300 14-10 5,795 30.8 do. QTg N - Golf Course No. 2; caased 183 ft; yield 31 gpm; water found at 42 ft.
do. 1953 175 14 5,785 28 1953 QTg N - Golf Couree No. 3; cased 135 ft; batled 30 gpm; casiug perforated 28-134
ft; water found at 37 fo; T 16°C,
do. 1953 141 18 5,780 25.0 3-26-54 Q1g N - Gol € Course No. &4; cased 37 ft;, watec found et 25 ft; T 18°C,
State of New Mexico - 92 S 5,862 p 9.4 do. frp P,w 5
State of New Mextco 1961 555 10 5,830 15.7 4-11-62 QTg T,e PS entral Well No. 3; cssed 401.5 fr, perforated 80 f¢ to
(Towm of Centrasl) ) 97 ft; yteld about 375 gpm.
do. 1954 412 11 5,920 167.6 10-13-5¢4 QTg T.e PS McBee Drilling Co.; Central Well No. 1; yleld 108 gpm, dd &6 ft, 9-29-5¢;
T 2)°C.
do. 1934 387 R)18-10-6 | 3,813 bb.B} 10-22-%4 QTg P,e 4] McBee Drilling Co.; Central Well No. 2; yleld 264 gpm; T 20°C.
Kennecott Copper Corp - 7 24 3,72y Dry 5-10-5%& {Qal) N {ps) Dug, sock cribbing; caved;, water riging in ajacent creck channel {lows
for several hundred yards.
- 148 12 5,760 16.9 10- 6-54]|| Qal/QTg| N (Ind) | Weak; south well of two that supplied the Hurley smelter about 1910 to

-

1934; depresaion around castng ladicates well may have caved.
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++18.13.22.222 - 1952 764 R} 10-8 5,790 30.4 | 5-26-56]f Qal/Qrg| T, Ler d 105 ¢ atter pumplog 175 ypm for 2% hre, T 19°C.
22.224 do. - 26 - 5,790 Dry do. (Qal) N (D,S) | Dug, went dry in early 19954,
22.242 do. - 130 & 6 5,775 - do. Qat/Qrg ) T,e D,S | Yield 70 gpm with 5 HP motor on pump.
v 24.244 1949 500 R 6 5,710 2951 6-15-54 Trp P.e D,PS ater entering about wtattc level; wl sbout 200 ft in 1949.
l/ FIAA - 225 R [ 5,695 147.0 do TKL P.w D,PS | Cased 6 ti; uriglnally 125 1t dJdeep, deepened about 1952.
v 25.222 1952 158 R 8 5,685 90.7 do >t P.w D e weskened fo pest two years--will now break suct lun.
L 25.242 - 74 7 5,715 39.4 do Qal (7Y P.w ] Not .pulnped fur past year; lunadequate for domestic supply.
29.213 1950 161 6 5.670 147.1 6-10-34 " Pw S Will pump out; wi messured | hr after pumplng halted.
32.33 - 300 ® 6 $,550 205.7 do. QT P,w S Not pumped recently - mill out of order.
34.212 1949 300 R - 5,350t Dry 1949 - N {s) Rept dry when deilled but muy have had sume water; not visited.
36.434 0old 157 7 5,537 Dry 6-14-54 QT;/S)q N (D,5) | Adjacent to ruins of old house.
18.14.-1.111 - 300 R 8 5,981 - - Kc F,w b eak but will not pump out.
1.111a - 68 - 5,980 - - K¢ T,e Irr {11 pump out in one hour; waters yard and garden.
1.412 - 260 R 6 5,935 - 5-18-54 Xc P,w D,5 | Weak; will break suction.
1.444 - 29 6 5,865 | p 25.9 5-17-54 Ke P,vw D,S | Dug, backfilled nruum‘l casing; wl pumped down to cyliunder.
2.222 Rosedale Dairy 1944 290 R 8 5,971 27.8 6-25-37 Ke T.e D,s -ler at 80 tt and 235 ft; supplied former datry.
2.222a do. old 38 60 5,970 26.9 do. Ke N (1nd) | Dug, concrete curbing; original well for former dairy.
3.211 State of New Mexico - 148 6 5,910 37.4 8-11-54 Kc P,w (D) No longer used.
4.333 State of New Mexico 1948 74 6 6,115 34.3 7-14-54 Dp(?)| P,w H _aled 74 ft; yleld 8 gpm when drilled, now ylelde 1/3 gpn
(James Turner)
5.343 do. (1935) 1[6_ 6 6,190 126.3 7-15-54 QTg P,w D,S _drllled 3150 fr; cased 240 €t; water found only ar 110 te.
5.343a do. 1912 184 6 6,172 87.0 12-23-49 QTg P.w D,S aged 175 €t yteld 3/4 gpm; water found at 90 ft; weet well
pl08.0 7-15-54
5.344 do 1922 225 8 6,190 85.3 do. QTs P,w D,s feld about Y gpm steady.
* 6.111 do 1954 287 6 6,300 | pl151.9 do. pég P,w S cased 290 ft; seeps at 110 and 200 fr; main water from ~
265 to 270 ft; yleld has Jdeclined from 4% to 1 gpm; T 18°C.
- - 6 6,085 ~ 7-14-54 SO€ P,e D -
- 69 48 6,085 53.4 do. QT J,e D,5 | Dug, water may be perched.
- 50 48 . 6,075 44.9 do QT P,w D,5 | Dug, wouden cribblng to 10 ft; water may be perched.
1952 164 R 5 6,070 135 do QTg P.w D,s rilled and cased 200 fcr; perforated and gravel-packed.
- 190+ 10 6,075 200 do. QTg P.w D, § -




TABLE 11
Precipitation Plant Discharges

1973-1977 Data Base in mg/I

Minimum Maximum Average Data Sampling

Element Value Value . Value Pieces Interval
As 0.092 2.70 1.18 20 73-77
Ba 0.080 0.30 0.185 17 75-77
Cd 0.050 0.59 0.483 16 75-77

Cr 0.26 0.62 0.423 17 75-77 .
Cu 21.4 142.,0 71.3 : © 25 73-77
Fe ' 1880 5800 2762 24 73-77
Pb 0.35 0.98 0.668 26 73-77
Hg 0.0001 0.0008 0.0003 - 26 . 73-77
Mo 0.01 0.98 0.269 18 75-77
Ni 6.9 14.6 10.95 18 75-77
Se 0.01 .0.36 0.137 : 26 - 73-77
Ag 0.03 Q.06 0.05 18 - 75-77
Zn 102 192 _ o142 20 73-77
SO 17210 48950 - 33340 27 73-77
TD% ' 20100 57400 43300 17 75-77
pH 2.80 3.83 | 3.12 23 73-77

1978-1980 Data Base in mg/l

Minimum Maximum Average Data Sampling

Element Value Value Value Pieces ~ Interval
As 0.41 2.20 . 0.96 8 78-80
Ba 0.20 . 0.30 0.29 8 78-80

Cd 10.38 0.54 0.46 8 78-80 .
Cr 0.18 0.96 0.42 8 78-80
Cu 51.4 156.0 82.3 7 78-80
Fe 1970 2830 . 2510 7 78-80
Pb 0.62 1.04 0.74 8 78-80
Hg 0.0001 0.0004 0.0002 7 78-80
Mo 0.10 0.40 0.14 7 78-80
Ni - 4,90 '10.5 8.77 8 78-80
Se - 0.01 0.22 0.09 8 78-80
Ag 0.010 0.13 0.07 8 78-80

Zn 76.0 170.0 135.6 8 78-80
SO 15750 31700 25300 7 78-80
TD% ' 19260 82000 42040 6 78-80
pH : 3.00 3.5 3.16 7 78-80

Data submitted by Chino Mines (Kennecott Copper) in discharge plan'

_.anplication, depicting character of P-plant discharges

32



€€

. DATE LA ug/g dried sample
YY MM, DD  NAME Al cd cr Cu Fe Pb Mn Ni in Co

BACKGROUND SEDIMENT SAMPLE
BG HWY. 180

@ LAMP BRIGHT DRAW )
871006 SLD 6500 < 9 4«0 8300 5 320 9 30

8G 150 YDS. OFF
PIPELINE RD. ’
871005 StD 8300 <« 5 a3 8800 <5 610 9 40

AIR TRANSECT POINT
CLOSEST TO TAlLS
B71005 = SLD _ 510 < < 120 6100 < 5.1 < < -

TRANSECT #1
270’ E. OF SOURCE
871005 SLD 1400 < . < 300 16000 < 39 < 9 -

TRANSECT #2
552' €. OF SOURCE

871005 SLb 1000 < < 240 11000 < 30 < S -
TRANSECT #3

834’ E. OF SOURCE

871005 SLD 950 <« < 160 14000 5 20 < 5 -

TRANSECT #4
1116 €. OF SOURCE
871005 SLD 2400 <« < 850 20000 < 90 < 10 -

TABLE 12

Analyses of sediments collected by EID

durin i i i i
g alr transect p>wnwind from Chino Mines Tailings
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GENERAL GEOLOGY, SANTA RITA QUADRANGLE. GRANT COUNTY. N. MEX.

3 MILES

! l

—Major structural features in 2anta Rita quadrangle.

Figure 3
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Figure 4
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Allyvium ang terrace gravel. Yielg up to
2,200 gpm in major stream vaiieys.

]

Gila Jongiomerate, dolson fill, ana overiving
alluyvium. vields moscivy in the range of
100 to 2,000 gpm.

|

Limestone, voicanic rocks, and overiving pelson
£ill. fYields in the range of 130 to 250 gpm.
K H I wiLES

|

Some |imestones but mostly volcanic rocks ard
interpeddag and overiving boison fill., Yields
commoniy less than |5 gom, iocaliv as much as
53 to 100.

ZXPLANATION

Lit:ve  giceCMm  jCG.AQ  siaTioN

|

“
crrecm  3Q3~g $tTtOR

Rocks of all types. VYields cormonly 'ess tranm
i 3om, and less tran 3 GgpMm in Nigr areas
underlain by granitic ana other intrusive or 12 _*
metamorphic rocks and/or tre (oicrago Formation ey
\ses Geoiogic map). The low vields are as much
the resuits of high topographic positions as
of rock character.

~ Map showing the availability of ground water in Grant County.

Figure 5
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. The Gila flows mostly in deep canyons inthe head-
water areas andis perennial to a point about 4 miles
northeast of CL{f{T. 15S., R. 17 W.) where large
diversions for irrigation sometimes resuit in the
channel downstream being dry during the growing
season. The stream is perennial throughthe Middle
Gila Box—from about sec. 16, T. 178., R. 17T W.
to sec. 23, T. 18S., R. 18 W.—but the channel be-
low the Box occasionally is dry in Red Rock Valley
downstream from points where diversions are made.

The prinéipal tributaries of the Gila River in
Grant County are, in downstream order, Black Can-
yon, Sapillo, Turkey, Mogollon, Duck, Bear, Syc-
amore, Mangas, and Blue Creeks. [Each of these

-tributaries is perennialin portions of its course and -

may-be presumed to contribute underground flow to
the Gila.

The Mimbres River drains approximately 460
square miles of the west slope of the Black Range
and the eastern slopes of the Pinos Altos and Cobre
Mountains in Grant County. The San Vicente Ar-
royo-Whitewater Creek drainage system, tributary
to the Mimbres River south of the county line, drains
the large lowland area (San Vicente basin) and adja-
cent slopesthat lie between the Big Burro and Cabre
Mountains—an area of about 390 square miles in
Grant County.

The Mimbres River generally is perennial from
just below the confluence with McKnight Canyon to
San Lorenzo. Diversions for irrigation start near
Mimbres, and the channel below San Lorenzo is dry
much of the time.

Many of the larger tributaries of the Mimbres
River, as of the Gila, have perennial flow in parts
of their courses, and generally in the upper part
rather than the lower. The lower parts of the trib-
utary canyons are mostly broad and filled with al-
luvium into which the flow from the headwaters
quickly disappears. The principal tributaries to the
main stem of the Mimbres River in Grant County
are McKnight Canyon, Allie Canyon, Bear Creek,
Gallinas Creek, and Gavilan Creek. Of these, only
Gallinas Creek has no perennial flow. '

Legend says that a perennial creek once flowed
approximately where San Vicente Arroyo now slash-
es through Silver City, and that Rio de Arenas,
Cameron Creek, and Whitewater Creek, between
Silver City and Santa Rita, were perennial in that
area. These are now intermittent streams and if
they were ever perennial it must have been prior to
about 1885. :

The San Francisco River does not flow throdgh '

Grant County butdrains the northwest corner through
two tributaries, Mule Creek and Little Dry Creek.
Little Dry Creek has no perennial flow, but Mule
Creek is perennial through much of its course from
a point about 3 miles north of the Mule Creek Post
Office to its junction with the San Francisco River.

The southern part of Grant County is drained by
a nonintegrated system of washes and arroyos that
descend fromthe various isolated hills and mountain
ranges. Drainage that is tributary to Lordsburg

Valley collects in an ill-defined axial channel known
as Lordsburg Draw. The infrequent runoff flows
northwest, swings around the north side of the town
of Lordsburg in Hidalgo County, then flows south-
west to South Alkali Lake in the Lower Animas Val-
ley, which is a closed basin.

Walking X Canyon, which originates on the east
side of the pass between the Big Burro and South
Burro Mountains, is the only drainage of conse-
quence that is tributary to Lordsburg Valley. There
is a legend of perennial flow in the channel in T. 21
S., R. 15 W.; vestiges of orchards and old irriga-
tion ditches at places along the bankstend to support
the story. )

Runoff tributaryto Hachita Valley in Grant County
is lost on the valley floor. Sharply definable, con-
tinuous channels are not well developed down the
axis of the valley. However, runoff occurs gener-
ally once or twice a year during the summer rainy
season. The road west from Hachita is not passable
across the axis of the valley at these times until the
generally short-lived flow subsides.

Flash-floods are common throughout the county
during the summer rainy season and may be expect-
ed to occur at any place (fig. 12). The heaviest

Figure 12—Floodflow in a normally drv wash crossing a road in
Mangas Valley. The precipitation fell mainly on the
Little Burro Mountains—the area depicted received
only a brief shower. The water is about 3 feet deep
below the base of the standing waves and the current
could easily sweep a large vehicle from the road.

rainfall generally is over the higher ground, but the
runoff may reach to the basin floors where no pre-
cipitation has fallen. The loss annually of a vehicle
or two, and sometimes even a life, results when
people prematurely attempt to drive across dis-
charging arroyos. Vehicles become stalled and then
may be swept down-channel if the flood rises still
higher.

CLIMATE

Climate is a major element of the hydrology and
ecology of any large area. Climate directly affects
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Table 1--Monthly and annual mean of maximum and minimum air temperature,

in degrees Fahrenheit, and the average monthly and annual

precipitation, in inches, at selected stations in Grant County

. Station and Alti- Temp. j
period tude and - Jan. Peb. Mar. Apr. Mey June July Aug. Sept. Oct. Bov. Dec. Annual
record: (feet)  Precip
Max.
Bear Creek Rch. 5,300 Min.
1940-59 Preeip 1,11 1.11 1,18 0.62 _0.22 0.59 _2.29 3.29 1.31 1.1% 0.56  0.90 14.32
Wax.
Buckhorn 4,900 Min.

1940-60 . . . . . . 13,1
Max. 55 . . . . .9 ] 5.0  57.0 5.3
Cliff, 10 mi.SE 4,800 Min. 21.4  23.0 28.1 35.3 4l.6 52.2 59.8  58.2 49.5 39.4 25.6 21.3 38,0
1940-60 Precip. 93 .70 .86 33 .16 50  2.51 2.84 1.04 1.24 41 64 12.16
Max. )
Cureton Rch. 5,200 Min,
1940-60 Precip 1.08 83 78 31 20 60 2.16 2.58 1.25 1.00 ,5% 80 12.12
Max. 51.9 55.3 60.1 68.4 76.6 86.5 8.4 B4.4 B0.4 T1.1 6C.3 52.5 69.5
Ft. Bayard 6,152  win. 25.2  27.5 31.3 37.3 .4 537 58.2 57.2 51.6 4.7 31.1 25.8 40.4
1867-1960 Precip .85 97 .75 R ™) T 3.2 3,35 2,02 1.15 .71 91 15.36
Max 56.9 60.1 66.6 Th.6  B3.8 95.b 9.7 90.9 89.9 77.h 64.6 60.1 76.3
Gila, 6 mi. NE 4,600 Min. 2%.7 25.8 29.8 3.5 .2 52.1 S9.b 57.9 7.3 0.3 24,7 22.9 38.5
1954-59 Preci . . . Ol 2. .2 1. . .50  13.
. . s s . 2 91.5 . .5 . 58. 76.
Hachita 4,504 Min. 26.5 28.5 33,1 40.1 4¥7.9 s58.0 63.1 62.1 55.7 L4 314 26.8 b3.1
1934-60 Precip 47 60 .53 21 17 40 2.1 2.3 1.12 .88 .89 .71  10.10
Hax. %5.5  54.8  59.9  69.5  76.9 ©8.%  B7.% B3.1 50.2 68.7 58.6 53.3  69.2
Mimbres Ranger 6,250 Min. 19.3 23,7 25.4 30.8 36.9 k9.3 541 53.8 u5.4 36.9 24.3 21.0 35.0
Station Precip 1.15  1.05 .86 52 k2 97 345 3.29 1.98 1.20 .79 1.10 16.78
1905-60
Max.
Pinos Altos 7,000 Min.
1911-60 Precip. 1.32 1.60 1.3 .73 .56 1.12 4,28 4,28 2.23 1.57 .80 1.47 21.32
Max. 57.1  62.8  68.1__ 19.0  B7.7 9.5  9%6.1 91.8  88.1 19.5 6&7.1 59.1  T1.7
Redrock 4,150 Min. 21.7 25.1 29.0 3.1 4.1 52.1 61.9 61.4 sSh.2 411 29.6 242  39.9
1905-64 Precip .61 .84 .70 A5 25 W 2,43 2.22 1.0 .91 .64 .93 1.8
Santa Rita?/ 6,512 Momth  37.7 39.0 4.0 537 62,7 T1.5 7.1  Tl.2 65.2 58.1 46.8 L40.6  55.b
1911-52 Temp.
Preci .85  1.06 .84 52 .52 .99 3,65 3.65 2.33  1.26 .80 1.11 17.58
Max. L8.9 53.0 58.1 66.8 75.9 86.3 86.17 8.7 80.4h 69.8 58.3 50.5 68.3
Silver City 5,937  Min. 25.0 26.0 30.b 3.8 .1 Sk.6  59.3 57.8 51.8 Wkl.2 29.5 24.6 k0.1
1879-1960 Precip 1.03 1.20  "1.03 57 .39 .72 3.09 3,30 1.84 1.32 .78 1.13  16.k0
Max.
White Signal 6,070 Min.
1942-60 Precip 1.9 1.07 1 40 32 8  2.47 2.21 1.3 93 .35 . 13.3
Max.
White Water 5,150 Mdin.
1945-60 Precip. 164 b1 .61 .22 21 .22 2. 1. 1.8 .8 .06 .28 8.78
Tex. 51.9  57.9  61.9  i2.2  Bl.5 B89.% T‘Q_THg.s N 5 k.3 G&2.9 556.9 5.3
Gila Hot 5,600 Min. 15.6 19.5 22.9 29.7 35.0 U43.7. 53.6 53.3 45.6 3.5 2k.k 18,7 33,0
Springs Precip. JTh .97 .T0 .62 .14 .56 2.64 2.72 2.03 1.4 T L34 1h.24
195764

y Records are not necessarily conmtinuous for the period indicated but are considered to be of sufficient duration to give a
representative mean; temperature records at most statlions are for appreciably shorter period than those for precipitation.

2/ Records kept by Kemnecott Copper Corp.

© et rid el N
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Geologic Setting

The types of rocks in an area, their distribution,
thickness, and general structure control the occur-
rence of water; these geologic factors must be known
before the water resources canbe appraised. Knowl-
edge of the age of the rocks makes possible general
predictions of their stratigraphic relations—vertical
position with respect to each other—and so makes
possible also prediction of their distribution beneath
the surface. The younger rocks lie on top of the
older rocks except where faulting and folding may
have disturbed the normal sequence, and where
younger igneous rocks intrude into older rocks.

AGE AND DISTRIBUTION OF ROCKS

The rocks that crop out in Grant County range in
age from Precambrian to Holocene, and include in-
trusive and volcanic igneous rocks, marine sedi-
ments, and continental deposits. The oldest rocks
are schist, gneiss, greenstone, and granite of Pre-
cambrian age more than 570 million years old. The
largest areas of exposure of these rocks are in the
Big Burro, South Burro, and Little Burro Mountains,
and in the Silver City Range (fig. 2). They are ex-
posed also atthe northend of the Cooks Range (T. 189
S., R. 9 W.), at several places near the central
crest of the Black Range, and along the west side of
the Mimbres Valley, west of San Lorenzo.

Marine sediments of Paleozoic age, 225-570 mil-
lion years (m.y.) old, include shale, sandstone,
limestone, and dolomite. Every period of the Pale-
ozoic is represented in the geologic column. The
deposits consist mostly of limestone and dolomite
which crop out maihly in the central part of the coun-
ty, from the Silver City Range east to the Mimbres
Valley, and along the crest of the Black Range in the
vicinity of Emory Pass. Minor but significant expo-
sures occur also in the southern part of the county
and in the Cooks Range.

The Mesozoic Era is represented only by rocks
of Late Cretaceous age, 60-90 m.y. Sandstone,
shale, and volcanic and intrusive rocks crop out in
the same general areas as do the rocks of Paleozoic
age. They are found also in the Little Burro Moun-
tains, at the north end of the Big Burro Mountains,
and in the Little Hatchet Mountains in the southwest
corner of the county. :

Volcanic rocks of Tertiary and Cretaceous age
underlie alarge area inthe Summit Mountains north-
west of Red Rock and a relatively small area in the
Little Hatchet Mountains west of Hachita. Intrusive
rocks of Cretaceous and Tertiary and Cretaceous

age crop out in the central and southern parts of the

county where they commonly are associated with
mineral deposits.

- Rocks of Tertiary and Quaternary and Tertiary
age, 65 m.y. ago to the present, underlie nearly all

of the northeastern and northwestern highlands and
much of the central and southern parts of the county.
These rocks are mostly of two types, volcanic and
sedimentary.

The rocks exposed in the highlands are mostly of
volcanic origin. They consist of flows of rhyolite,
dacite, basalt, and associated pyroclastic rocks;
some of the pyroclastic material was deposited in
lakes to form well bedded tuffs. Most of the tuffs
and volcanic agglomerates are massive and dense.
The whole sequence may be more than 10,000 feet
thick. '

The sedimentary rocks of Quaternary and Terti-
ary age are mostly conglomerates and sandstones.
Some fine-grained sediments, probably deposited in
lakes, and some basalt flows are interbedded locally
with the conglomerates and sandstones. These rocks
generally occupy a position intermediate between the
highlands and the valleys. They crop out around the
margins and on the flanks of the mountain ranges,

and they lie at varying depths beneath the surface of

the lowland plains.

Rocks of Quaternary age, from about 2 to 3 m.y.
ago tothe present, are found mostly as gravel and
sand in the stream valleys, as terrace deposits a-
long the streams, and as alluvial fill in the bolsons.
A Quaternary age has been assigned (Ballmann,
1960) to some rhyolitic volcanic rocks southeast of
the South Burro Mountains, but Elston (1968, p. 239)
has stated they are of Tertiary age. Basalt flows
that overlie the bolson fill are conspicuous features
about 7 miles north of Hachita, at the southern end
of the county; basailt, underlain by conglomerate of
possible early Quaternary or late Tertiary age, caps
a long ridge immediately east of Hachita.

STRUCTURAL PATTERN OF
GRANT COUNTY

The structural pattern of Grant County is com-
plex, involving the transition from the Colorado
Plateau structures of the northern part to the Basin
and Range structures of the southern part (fig. 15).
The transition zone, not sharply defined, is charac-
terized by widespread, intensive, recurrent, normal
faulting and by local, gentle folding. Both the fault-
ing and the folding commonly were accompanied by
local intrusions of igneous rock, and by widespread
extrusion of volcanic rocks. The faulting resulted
in extensive fracturing of all rocks involved, and the
folding and intrusions opened joints in otherwise
dense rocks. _

The transition zone between Colorado Plateau and
Basin and Range structures is a northwest-trending
structural belt, some 50 to 75 miles wide, that in-
cludes most of the county. The zone is an element
of the Deming axis (Turner, 1962, p. 60) or, as it
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is better known, the Texas lineament, described by
Kelley (1955, p. 61) as "—marking roughly the
southern boundary of the plateau along the Mogollon
Rim—one of the largest, longest and most prominent
of the transverse lineaments on the North American
continent. "

Divergent from the Texas lineament, and itself
.constituting a major structural feature in New Mex-
ico, is a fault system that extends from the vicinity

but extend southeast into Grant County. The moun-
tains are developed from a domed and faulted struc-
ture termed the Mogollon arch (Trauger, 1965, p.
186). Ferguson's (1827, pl. 2) sections show the
west-dipping limb of the arch in the vicinity of Mo- *
gollon, but the east limb has not been mapped to
date. The Mogollon arch at about the Catron-Grant
County line branches to form three distinct faulted
structures that extend far into Grant County.

Mogolion Mountaing
’ Lake deposits

RETmvrea. ot
. ‘vu,.v_s-«ez-n.."#-

dguec”

Figure 16—View of Duck Creek Valley, a part of the Mangas trench. Lake deposits in the upper part of the Gila Conglomerate are exposed
in the low hills in the right middle ground (NWY sec. 29, T. 14 S.. R. 18 W.): the western front of the northeastern highland
(Mogollon Mountains) is on the right horizon. View covers 120°, west northwest to northeast, from well 14.18.30.444. Large
yields are obtained from wells tapping the alluvium and upper part of Gila Conglomerate in this general area: some
occurrences of artesian water are reported. The artesian aquifer is believed to be gravel and sand overlain by fine-grained lake

deposits.

of Deming northward to the plains of San Augustin
(off map), a distance of about 110 miles. Involved
in this system of faulting and uplift is the Black
Range, and the less extensive Cooks, Cuchillo, and
Luera Ranges (off map).

The large, elevated, wedge-shaped area lying
between the Texas lineament and the Black Range
sub-lineament forms the major structural unit of
Grant County and has been named the Gila block
(Trauger, 1965, p. 184); it forms the south end of
what Kelley has called the Mogollon Segment of the
Colorado Plateau (Kelley, 1955, p. 58). However,
the Gilablock in some respects seems more closely
related to Basin and Range structures than to the
Colorado Plateau, although it is not a definite part
of either structural province.

The Gilablock has been deformed by many lesser
structures, most of which are faults associated with
the larger uplift structures that define the block, but
some of which are associated with, and result from,
regional warping and intrusions of igneous rocks
(Paige, 1916, p. 10). The relation of the intrusions

and warping to the faulting is not everywhere clear. .

Some major structures, such as that which forms
the Mogollon Mountains, disintegrate into several
smaller elements, change character, and continue
in their new form for long distances.

The Mogollon Mountains, the highest in south-
western New Mexico, lie mostly in Catron County

The valleys containing Duck Creek (fig. 16), Man-
gas Creek (fig. 17), and San Vicente Arroyo form a
major linear topographic feature of Grant County
that is structurally controlled; this structure was
named the Mangas trench by Trauger (1965, p. 186).
The eastern side of the trench is well marked by
normal faults trending along the west side of the
Mogollon arch and the Silver City Range. The west"
side of the trench is well defined topographically by
the Big Burro Mountains, but evidence of fault con-~
trol is lacking except locally. Conglomerate has
been faulted down against granite on the east side of
the Big Burro Mountains near the Tyrone open-pit
mine. Hewitt (1959) and Elston (1960) have mapped
normal faults, downthrown to the east, that parallel
the Mangas trench along the northeast side of the
Burro uplift. Possibly other faults are concealed
beneath the valley fill along the west side of the
trench.

The valley system containing Sapillo Creek and
the Mimbres River also is a linear feature that is
structurally controlled. The west side of the Mim-
bres Valley is marked by the prominent system of
normal faults that form the steep east-facing front
of the Pinos Altos Range. The east side of the val-
ley is well defined topographically but, like the west
side of the Mangas trench, there is little evidence of
fault control except locally. Kuellmer (1954, pl. 1)
mapped normal faults, downthrown to the west, par-



23

Mountains

-Big Burro

Burro Mountain
Pediment
Southern End ~ .

Figure 17-View of southern part of the Mangas trench: view covers 120°, looking south from a point (17.16.5.233) on State Highway
© 180. A master fault system bounds the east side of the trench, extending along the base of the Silver City Range; a related

fault, possibly a branch from the master, extends along the west front of the Little Burro Mountains. Yields to wells tapping

the Gila Conglomerate along the east side of the trench are mostly small: some large-yield wells have been developed in Mangas

Valley and tap the alluvium and the upper part of the Gila Conglomerate. Yields from rocks of the uplands generally are very

small to small.

alleling the valley, but nearer to the crest of the
Black Range than to the valley.

A broad, synclinal structure, first described by
Paige (1916, p. 10} and named the Pinos Altos-Cen-
tral syncline by Lasky (1936, p. 49}, lies between
the east side of the Silver City Range and the west
side of the Pinos Altos-Cobre Mountains. The syn-
cline, some 16 miles wide and 1,500 feet deep
(Ordonez, Baltosser, and Martin, 1955, p. 12),
trends northwest, and the northern end terminates
in the vicinity of Pinos Altos. The plunge is gently
southeastward and the structure, being older than
the bolson fill, disappears under the gravel. The
floor of the syncline has been domed locally by in-
trusive rocks and broken by faulting.

The structure of the Gila block in the northern
part of the county is characterized by centripetally
dipping beds of sedimentary and volcanic rocks that
form a large basin some 65 to 75 miles across.
Only the southern rim of this basin lies in Grant
County. Dips are gentle toward the center of the
basin, generally not more than 10°, and commonly
less than 5°. ] : .

The Lordsburg Valley, a broad, elongated north-
west-trending structure, lies on the trace of the
Texas Lineament and separates the transitional
structures of the Gila block from the purely Basin
and Range structures to the south. The structure of
the bedrock under the valleyf{ill is not known, but an
irregular and probably highly faulted structure can
be inferred from the occurrences of isolated expo-
sures of rocks of Paleozoic age east and southeast
of Separ, and from the fact that wells near these ex-
posures have been drilled to depths of hundreds of
feet without reaching bedrock. Records of oil well
tests drilled in Hidalgo and Luna Counties show that
the bolson f{ill may be at least 1, 800 feet deep near
Lordsburg, and 2,800 feet deep near Deming (Dixon,
Baltz, Stipp, and Bieberman, 1954, p. 30).

The mountain ranges and valleys south of Lords-
burg Valley are block-faulted structures, only the
northern ends of which extend into Grant County.
The Coyote Hills and Little Hatchet Mountains in
Grant County, and the Big Hatchet and Alamo Hueco
Mountains south of the Grant County line are part of
alarge, arcing system of closely related fault struc-
tures; the Cedar Mountains and the Carrizalillo Hills
(off map) form another arcing fault-block system.
The pattern of exposures and the attitude of beds in
the two systems and in the intervening hills indicate
a complex structural interrelation, the details of
which are yet to be determined.

Rock strata in the Coyote Hills and at the north
end of the Little Hatchet Mountains dip northeast at
angles ranging up to 70°. The strata may flatten
under the alluvial fill. Inasmuch asthe strata in the
Cedar Mountains also dip to the northeast, major
fault structures are inferred to be buried beneath
the valley fill. Basalt flows of probable Holocehe
age overlying bolson fill north of Hachita may mark
the general location of at least one such structure.

A concealed fault, buried beneath the valley fill,
and extending along the west side of Hachita Valley,
south of Old Hachita, was inferred by Trauger and
Herrick (1962, p. 7) from the structure of the Little
Hatchet Mountains as mapped by Lasky (1947, pl. 1)
and by the shape of the water-level surface under
the valley floor.

Rock Structures anp Grounp WATER

The regional and local structure of rocks is a
geologic factor that has a pronounced effect on the
occurrence of ground water. Water may be under
artesian conditions where itoccurs in rocks that are
overlain by less permeable rocks. Flowing wells
have been developed in beds of limestone and shale



24

in the central part of the county, in volcanic rocks
in the Mimbres Valley and Silver City Range, and in
the valley fill near Cliff and Buckhorn.

The internal structure of volcanic rocks locally
may be conducive to the storage of water. Highly
porous rubble zones commonly form at the base and
top of a lava flow as it advances. Gases escaping
from the molton rock in the final stages of cooling
may produce bubbles and cavities having sufficient
interconnection to permit free movement of water.
Contraction joints commonly form as a flow cools
and these joints can store and transmit appreciable
amounts of water.

The internal structure of sedimentary rocks also

influences the occurrence and storage of water.
Bedding planes of both marine and continental de-
posits may inhibit or promote storage, movement,
and recovery of water depending upon how the rock
materialvaries incharacter along the bedding planes.
Coarse, granular material in sheet-like structure
between beds of fine, dense material may provide
.storage and facilitate lateral movement of water. On
the other hand, laminae of fine clay in and between
beds of coarse material may inhibit movement of
water and adversely affect recovery of water even
though storage has not been greatly impaired. Both
types of structure are common in beds of the Gila
Conglomerate, the principal aquifer in much of Grant
County.
" Solution channels in normally dense carbonate
rocks such as limestone and dolomite are internal
structures that greatly increase storage and enhance
recovery of ground water. They are not common in
the carbonate rocks but do occur locally.

Joints and fractures in rocks can serve as con-
duits for water and as natural reservoirs where such
joints and fractures are well-developed over an ap-
preciable area. Much ofthe relatively small amount
of water recovered from the granitic rocks of the
Burro Mountain area is found in joints and fractures.

Joints are cracks, or partings, in rock masses
that occurlater as a result of stresses present when
the rock was formed. In general, joints in rocks
" become tighter with increasing depth, and at some
point they become only incipient—there is no actual
opening in the rock, but one will develop as overly-
ing rock is removed either by erosion or excavation.
Fractures are also partings and cracks but they
more commonly result from stresses applied after
the rock has formed.

Faults are large-scale fractures in the earth's
surface along which there has been displacement of
the two sides relative to one another. The displace-
ment may be of less than an inch or many miles, but
more commonly amounts to a few tens to hundreds
of feet. Movement along afault plane maybe recur-
rent, in small increments that result eventually in
large net displacements. Rarely do individual in-
crements amount to more than a few feet.

Fault planes may act as barriers tothe movement
of ground water if clay, or fault gouge, has been
formed along the plane by the grinding movement

between the fault blocks. Faults also can interrupt
the continuity of permeable beds by displacing them
to a position against a relatively impermeable rock,
or by raising them to a level above the regional wa-
ter table. More commonly, however, faults and
fault zones disrupt and fracture rock formations in
such a way that the storage capacity and water-
yielding characteristics are improved. For this
reason, it generally is worthwhile to prospect for
ground water in the vicinity of known faults. Thus it
becomes important to recognize the principal struc-
tures, especially faults, in any region where ground
water is scarce. '

-HOW TO USE THE GEOLOGIC MAP

The types of rocks present in Grant County, the
areas in which they crop out, and their general
water-bearing properties are shown in fig. 2; their
stratigraphic relations, average thickness, and lith-
ologic characteristics are shown in fig. 18. Dia-
grammatic cross sections showing subsurface rela-
tions are shown in fig. 19. These figures, 'when
properly understood and used with the water-level
contour map (fig. 3), can assist in determining the
availability of ground water at most places and ap-
praising the dependability of the supply.

To determine types of rock at a proposed well
site, first find the general location of the map using
the townships, range, and sectiondescription if nec-
essary. Next, note the color pattern at this point,
then refer to the map explanation on which is de-
scribed briefly the type of exposed rock represented
by that color pattern.

The range in thickness and the water-bearing
characteristics of the various types of rock forma-
tions that might underly an area are given in fig. 18.
The figure thus can be used to determine the type of
rock that may occur beneath those found at the sur-
face, and the approximate depth to an underlying
aquifer. The rock units are arranged in the column
with the oldest rocks at the bottom, the youngest
rocks at the top. L

Suppose that you wish to know what rock forma-
tion in an area is yielding water to wells. You learn
from data for nearby wells (fig. 3) that the depth to
water in the area of a proposed well is about 400
feet, and the rock exposed at the surface (fig. 2) is.
shown to be the Percha Shale (Dp)—then it could be
presumed that the water found at 400 feet is in the
underlying beds of the Fusselman or Montoya Dolo-
mite (SO<€) because the Percha Shale is no more than
about 315 feet thick at most (fig. 18). However, both
the Percha -Shale and Fusselman Dolomite together
could be as little as 330 feet thick, thus the aquifer
might be the Montoya Dolomite. A careful examina-
tion of the sequence of rock cuttings removed from
the well would enable one to determine which forma-
tion was yielding the water. This sort of problem
points up the importance of keeping a good record of
the types of rocks penetrated during drilling.
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Or suppose you wish to determine what formation
would be most likelyto yield water in an area where
there are no nearby wells. Determine from fig. 2
what formation is at the surface at the site. Find
that formation in the columnar section (fig. 18) and
note what rock units below it are most likelyto yield
the quantity of water you need, then add up the com-
bined thickness of the overlying beds to determine
the approximate depth to which a well would need to
be drilled.

Some of the older rocks may not be found beneath
the younger rocks—they maynot have beendeposited

at that point, or they may have been stripped away

by erosion before the younger rocks were deposited.
The geologic cross sections (fig. 19) show the rocks
that occur beneath the surface along the lines of the
sections. It will be noted on the geologic map that
in certain areas, as inthe northern part of the coun-
ty, the rocks of Paleozoic age are not known to oc-
cur at the surface. If they are present beneath the
surface, they are buried beneath great thickness of
volcanic rocks.

Granitic and metamorphic rocks of Precambrian
age are widely exposed in the Burro Mountain area
and are indicated by the purplish color on the geo-
logic map (fig. 2). These are the oldest rocks in
the region, and no younger sedimentary rocks would
be found if drilling were startedin these older rocks.
Another example: a deep hole drilled at a point 2 to
3 miles north of Silver City would start in rocks of
the Colorado Formation (darker green on the geo-
logic map) and would penetrate possibly as much as
1,000 feet of sedimentary and igneous rocks of Cre-
taceous age before entering the rocks of Paleozoic
age (blue tints on the geologic map).

The type of older rock that might be expected to
occur under a younger rockin any given area can be
determined by studying the geologic map (fig. 2) and
the stratigraphic chart (fig. 18). As a general rule,
when dealing with sedimentary or volcanic rocks,
note on the map the other types of rocks in the vi-
cinity. If older rocks are observed to crop out all
around an area of younger rocks, or to lie at the
center of an area of younger rock, the older rocks
likely will be found beneath the younger rock. This
rule does not hold for circumstances where a mas-
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sive intrusion of igneous rock (as indicated by the
"TKi" symbol on the geologic map) has pushed up,
or into, older rocks, as in the Pinos Altos-Bayard-
Santa Rita area and elsewhere. Such intrusions
commonly’ lift, push aside, or drastically alter the
intruded, or "host" rock, so that the host rock can-
not be found by drilling through the intrusion.

The areas underlain by younger intrusive rocks
can be determined on the geologic map by the char-
acteristic bright red color. These rocks commonly
produce little water and generally it is not practic-
able to attempt to drill through themto reach under-
lying water-bearing rocks. _

The younger intrusive rocks also may form rela-
tively thin sheet-like bodies that cut upward through
overlying beds, or spread out between beds. Those
that cut upward across beds are referred to as
"dikes" and those that intrude between beds are
called "sills. " Sometimes water-bearing sedimen-
tary rocks may be found beneath sills. The sills
commonly have no surface expression and their
presence can be determined only by drilling or in-
ferred at some placed by careful study of surround-
ing outcrops. Sills and dikes of quartz diorite have
intruded the Colorado Formation in many places in
the central part of the county. Thin but extensive
quartz-diorite and albite-quartz porphyry sills are
found in the shales and carbonate formations of the
mining district of Fierro, Hanover, and Santa Rita.

Dikes commonly have prominent surface expres-
sion because they are resistant to erosion and they
form distinet narrow "ribs" of rock that extend for
appreciable distance across the land surface. They
are especially prominent in the area between Silver
City and Central, and are well exposed in the road-
cuts along the highway between the two towns.

The kind of older rock that underlies the more-
central parts of the bolsons generally cannot be de-
termined from surface exposures. These areas
commonly are many miles from outcrops of older
rocks; thus little or no data are available that allow
reliable prediction. The bolson fill generally is of
such great thickness in these areas as to make the
question of the character of the basement rock un-
important insofar as the availability of ground water
is concerned.
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Hydrogeology

Hydrogeology is the science that considers water
and its relation to the rocks with which it is associ-
ated. It includes consideration of all aspects of wa-
ter in relation tothe rocks—its introduction into the
rocks, its movement through and over the rocks, its
discharge from the rocks, and any alteration of its
character as a result of its association withthe var-
ious rocks with which it comes in contact.

The discussions that follow are intended to in-
crease the understanding of the relation of water to
the geologic environment and to help in the develop-
ment and conservation of all the available water re-
sources of Grant County.

Virtually all continental water, both surface wa-
ter and ground water, can be assumed to come from
atmospheric precipitation. The first step in what
commonly is called "the hydrologic cycle" (fig. 20)
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move downward and through the soil zone, or through
the streambeds, and be stored in the underlying
rocks. This stored water is the source of all but a
very small percentage of the water that issues from
some springs or is pumped from a few wells.

Whether flowing off on the surface or soaking in-
to the ground, precipitation enters ahydrologic sys-
tem. A hydrologic system is any relatively large
area in which the hydrologic characteristics are
closely related and which can be isolated, or nearly
so, from other areasfor consideration of causes and
effects pertaining to water. What occurs within one
large hydrologic system may have little or no effect
on the hydrology of adjacent systems except at out-
flow points.

A large hydrologic system such as the Gila River
has distinct hydrologic divisions or subsystems.
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Figure 20—Hydrologic cycle in southwestern New Mexico.

is the precipitation of moisture in the form of rain
or snow on the land surface. The rain that falls in
light showers of shortduration is mostly evaporated
or, in small part, consumed by vegetation. How-
ever, some of the precipitation that falls during a
period of heavy or prolonged rain or snowfall may

These units generally constitute tributary drainage
basins such as Bear Creek and Duck Creek in which
ground water behaves more or less uniformly and
independently of adjacent units. Ground-water and
surface-water units in a hydrologic system are
closely related but the boundaries of these units do
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not necessarily coincide.

Hydrologic units, like systems, can be separated
¢rom other units for study, development, and man-
agement. However, what occurs in one hydrologic
unit of a system may noticeably affect other units of
the system and consequently may affect the system
as a whole.

Water in a hydrologic system or unit occurs
mainly as surface water in streams, or as ground
water. Water occurs also in systems as soil mois-
ture and in other less obvious ways, none of which
are significant in the problems treated in this re-
port. .

Many special terms are used to describe the oc-
currence of water in rocks. The terms used in this
report, as well as some geologic terms, are defined
in the Glossary of Hydrologic Terms at the rear of
this report. Some basic hydrologic principles also
are included in the glossary. Fig. 21 diagrams
some of the conditions under which ground water
occurs. For a more complete discussion of defini-
tions and the principles of hydrology, see Meinzer
(1923, a and b) and Tolman (1937).

HOW TO USE THE WATER-LEVEL
CONTOUR MAP

The water-levelcontour map (fig. 3) may be used
to determine the approximate depth at which water
will stand below the land surface. The depth is de-
termined by subtracting the altitude of the water-
level surface at a particular place from the altitude
of the land surface at that place. The difference is
the depth at which the water will stand, in the ab-
sence of artesian conditions. If the location in ques-
tion is near a well, the depth at that well may be
used as an approximation, allowing for small dif-
ferences in surface elevations.

The approximate altitude of the water level can
be estimated for any point in the county by using the
water-level contour map and interpolating altitudes
between contours. The altitude of the land surface
is shown by contours on topographic maps available
locally for all of Grant County (fig. 4).

The water-level contour map has been drawn us-
ing water levels measuredin wells for control points.
Where wells are close together the map may be con-
sidered accurate enough to permit estimates towithin
10 to 25 feet. However, control-points are widely
scattered in some large areas. In those areas the
contours are located only approximately; thus esti-
mates of the depth to water canbe only approximate.
The depth to water may lower appreciably in areas
of large withdrawals of water due to pumping. In
those areas the depths to water indicated onthe map
may no longer be useful for estimating the depth to
water.

The water-level contour map may be used also
to determine the direction of movement of ground
water, and thus the areas of recharge and discharge.
The direction of movement generally is downgradi-
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ent and at right angles to the contours.

The spacing of the water-level contours can be
an indication of the general availability of water in
an area. Closely spaced contours commonly mean
that the permeability of the rocks is low and that
water moves slowly through the aquifer; as a con-
sequence, the rocks do not yield much water to
wells. On the other hand, wide spacing of contours
commonly means the aquifer has greater permea-
bility and will yield water readily. However, the
close spacing of contours does not necessarily rule
out the development of high-yield wells. For exam-
ple, the overall permeability of the Gila Conglom-
erate is relatively low in many places and so the
water-level contours are closely spaced. But within
the total saturated thickness of the aquifer in these
places there may be individual beds that have a high
permeability. A well tapping one or more of these
beds could develop a high yield.

ROCK TYPES AND WATER-BEARING
CHARACTERISTICS

About fifty distinct rock units in Grant County
have been named by various geologists over the
years; an equal, or perhaps even greater number of
rock units are unnamed. The rock units, named and
unnamed, are grouped into four categories: 1) Met-
amorphic and intrusive igneous rocks; 2) extrusive
igneous rocks—flows and pyroclastic deposits; 3)
marine sedimentary rocks, and 4) continental sedi-
mentary deposits. The rock units within each cate-
gory have similar characteristics and the units,
therefore, behave in similar manner as aquifers or
as confining beds. The physical characteristics and.

_water-bearing properties of the individualrock units

are shown on figs. 2 and 18. The figures can be.
used as a guide to identify the rock units found in
drilling, and as an aid in evaluating the prospects
for obtaining water.

The important factors determining or controlling
the occurrence of ground water are the physical
properties of the rocks. For this reason the dis-
cussions of the various rock types found in Grant
County are directed toward describing the physical
characteristics that affect their water-bearing cap-
abilities. . .

All the geologic formations present in Grant
County yield water, at least locally, but the yields
from most formations and rock units are small.
Some yields are highly uncertain as to permanency.

~The largest gquantities of water are produced from

the alluvium and bolson fill; therefore, these depos-
its can be considered the principal aquifers.

InTRUSIVE AND METAMORPHIC ROCKS

Int-rusive rocks as granite, diorite, and the por-
phyries are formed by solidification of molten rock
beneath the surface of the earth. Metamorphic rocks
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All inter-connected open spaces in rock formations are saturated below the water table (potentiometric surface), but the rocks will not yield
much water to wells if the spaces--joints, fractures, and openings between particles--are few, very small, and widely spaced. Water can move
downward easily and quickly through large cracks, fractures, and highly porous rock. As a result the water table may lie far below the surfar
of upland areas that are underlain by rocks that are permeable. tintrusive and metamorphic rocks generally are not permeable; volcanic and
sedimentary rocks generally are permeable enough to allow infiltration and relatively rapid downward percolation of water.
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Shallow ground water--moves down the
slope through the thin cover of soil
and weathered rock that overlies the
hard bedrock; some water may be found
in fractures and deeply weathered
2ones in the bedrock; such openings ‘tend
to be less common at increased depth.

Upland areas underlain by vol-
canic rocks and interbedded
sediments--precipitation. and
runof f infiltrates on the slopes
and the beds of stream channels.

Weak spring--may be
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Water may be obtained in large quantities
from local permeable strata in the volcanic
rocks and limestone rocks underlying the
bolson fill.

Much of the upiland area of Grant County is underlain by
rocks of volcanic origin. The thick sequence of volcanic
rocks contains many kinds of rocks some of which are
permeable and some not; perched water is common in the
sequence and explains why water is found in some wells at
shallow depth whereas a nearby well may need to be drilled
much deeper to obtain water.

Precipitation on dense hard
rocks such as granite mostly
runs off--some infiltrates
joints, fractures and pore
space in weathered rocks,
mostly near the surface.

Ephemeral stream-bed

Perennial stream fed by ground
water--may lose water to under-
lying rocks farther downstream.

. on porous rock--some
water infiltrates during
each period of runoff

Beds of sand or gravel, or-zones of rubbly
basalt at the base of a flow may yield maderate
amounts of water if they occur below the
water table. < r
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Postulated intrusive rock of Holocene
age--still hot enough to heat ground
water moving to points of discharge
through fractures and faults in the
overlying rocks. Some mixing of
hot with cold water may occur.

Gaining stream-
perennial because
it receives ground-
water discharge
throughout the year

Intermi ttent stream, may
flow for part of each

year during or immediately
after seasonal rains

Seasonal spring

Warm spring

Fluctuating water table--rises as result
of infiltration during wet season and
falls during dryer season because the
rocks are permeable and will receive
‘and transmit water easily.

Gravel bed, overlain by
_nearly impermeable bed

of volcanic tuff, contains
water under pressure.

Hot water rises
along fractures
and joints,

Figure 21—Schematic diagram showing occurrence of water under conditions commonly found in Grant County.
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other rocks through processes of heat, pressure,

st, gneiss, and greenstone are formed from

and chemical change. _

Granitic rocks (granite and similar rocks—p<€g
and TKi, fig. 2) are found mostly in the Big Burro
and South Burro Mountains, exposed over broad
areas and extending to undetermined depths. The

ranitic rocks range in color from light gray and
pinkish gray to orange red. The community of Red-
rock takes its name from the exposures of the
orange-red granite in the vicinity. The color is due
to the abundance of orange-red feldspar crystals, a
large part of the rock. _

Less extensive outcrops of granitic rocks are ex-
posed alongthe west front of the Little Burro Moun-
tains and Silver City Range, in the Pinos Altos area,
in Lone Mountain, the Black Range, and at the north
end of the Cooks Range.

Gneiss and schist (p€m) are found mostly in the
Big Burro Mountains area; greenstone (p€m) is
found exposed along the foot of the mountains just
west of San Lorenzo.

The granitic rocks in Grant County generally are
coarse to medium grained, dense, relatively imper-
meable, and nonwater bearing except where deeply
weathered and (or) intensely jointed (fig. 22a).

_ Figure 22a—Jointed and deeply weathered granitic rock (TKi) ex-

posed in roadcut on the Silver City-Pinos Altos
road. Water is found locally in very smail to small
quantities in such weathered granitic rocks.

These rocks commonly weather to loose aggregates
of granular material and the weathering may pene-
trate to a depth of many tens of feet. The schist,
phyllite, and greenstone are exposed only in small
areas and are not known to yield water. They are,
like the granitic rocks, mostly dense and imperme-
able, but do not weather as readily to loose aggre-
gate (fig. 22b).

Yields to wells finished in the metamorphic and
intrusive rocks range from less than one gpm to as
much as 15 gpm. Reports of "dry holes" are com-
mon. Almost all the higher yields come from wells
in granite where the rock is both deeply weathered
and intensely jointed.
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Davis and Turk (1964, p. 11) studied data for
some 2,575 water wells drilled in granitic and met-
amorphic rocks in the eastern part of the United
States, and in the Sierra Nevada of California. They
determined that from 5 to 15 percent of wells drilled
in unweathered rock were failures, 75 to 85 percent
developed yields of less than 8 gpm, and 10 percent
had yields of 50 gpm or more. They determined al-
so that water production per foot of well decreases
rapidly with increase in well depth, and the decrease
is roughly tenfold between depths of 100 and 1,000
feet. Their analysis indicated that the depth of an
economically feasible domestic well should be less
than 150 to 250 feet in unweathered granitic rocks.
Data available for Grant County indicate these con-
clusions also to be generally valid for areas under-
lain by granitic and metamorphic rocks.

Figure 22b—Greenstone of Precambrian age (p €m) underlving the
Bliss Formation (SO<€ ) in roadcut on Siate Highway
90, about 1.5 miles west of junction with State High-
way 61. The greenstone is weathered to a depth of
about 1 foot below the contact. and below the
weathered zone is dense and relatively impermeable.
The Bliss Sandstone wherever found is mostly
glauconitic, dense, well cemented, and relatively im-
permeable, No wells in Grant County are known to
obtain water from either the Bliss or the greenstone.

Granite weathers from the land surface down-
ward, and along the planes of both horizontal and
vertical joints and fractures. Generally granitic
rock is more solid with depth, and the joints and
fractures become tighter; consequently, the rock is
likely to contain smaller quantities of water at in-
creasing depth. Davis and Turk (1964, p. 6) found
that unweathered and unfractured granitic and met-
amorphic rocks generally will have less than one
percent porosity, and will have permeabilities so
small as to be almost negligible, but that porosity
resulting from weathering commonly ranged from
30 to 50 percent.
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The depth to which granite will weather is affected
by the depth to which fractures and joints are open,
past geologic and hydrologic conditions, topography,
and the rock composition. The log of well 22.15. -
17. 411 shows decomposed granite to a depth of 365
feet; the log of well 22.15. 14. 412 shows the granite
decomposed to a depth of 260 feet. The main water
supply in each well occurs at the bottom-hole depths,
where the water is presumed to be on top of solid
(unweathered) granite. The depth of weathered gran-
ite atthese wells is believed tobe exceptional. Gen-
erally granitic rocks in the region are weathered to

. no more than a few tens of feet.

Differences in mineral composition can result in
zonal weathering in which the granite remains solid
in places while decomposition proceeds around a
solid core, or spheroid. These sphercids of solid
granite, which may be mistaken for "boulders, "
commonly have sharp contacts and generally are no
more than a few feet thick. Examples can be seen
in roadcuts where the highway to Lordsburg crosses
the Big Burro Mountains.

The transition at depth from intensely weathered
to solid granite generally is moderately abrupt,
through a vertical distance of only 10 to 20 feet
(Davis and Turk, 1964, p. 7); thus, a spheroidal
zone may be suspected if solid rock is found "sud-
denly" while drilling. Weathered rock may be re-
entered after drilling a few feet through the spheroid
of solid.rock. Water is most likely to be found near
the bottom of the weathered zone, just above the
main body of unweathered rock.

Granite generally is more deeply weathered un-
der the flatter slopes than under the steeper slopes,
and more open-jointed and fractured in the vicinity
of large fauits. The courses of many creek chan-
nels follow lines of faulting and jointing in the gran-
ite. Consequently, wells drilled along the major
creek channels would seem to offer a better chance
of finding water in joints and fractures than would
wells drilled on the ridges and interstream areas.
However, where deeply weathered granite underlies
interstream areas, as south of the Burro Mountains,
successful wells generally can be developed; yields
commonly are small to very small.

Younger intrusive rocks—the dikes and sills of
mostly Tertiary age—generally are also dense and
do not contain water in quantities sufficientto supply
wells. The dikes commonly act as dams to block
the movement of ground water through otherwise
permeable beds, and the sills may serve as the
"floor" under bodies of perched water.

VoLcanic Rocks

Broad areas of Grant County are underlain by
lava flows and pyroclastic (fragmental) material
blown from volcanoes. Volcanic flow rocks, asso-
ciated pyroclastic rocks, and some interbedded sed-
iments have accumulated to great thicknesses in
many parts of the county. Elston (1958, p. 58) has
estimated the maximum thickness of volcanic rocks

in the Mogollon Mountain region to be about 8,000 to
10,000 feet. The lava flows at some places, as near
Cliff and Hachita, however, are no more than a few .
tens or hundreds of feet thick and few pyroclastic
rocks are present. : _
About 5,000 feet of interbedded flows, pyroclas-

.tic rocks, and minor thicknesses of sediments are

exposed in the canyon walls of Mogollon Creek from
the summit of Mogollon Peak (altitude 10, 778 feet)
in Catron County down to the mouth of the canyon in
sec. 13, T. 13 S., R. 18 W., in Grant County. Fer-
guson (1927, p. 53-6) describes similar rocks in a
sequence about- 7,200 feet thick in the vicinity of
Mogollon in Catron County just north of the Grant
County line. Comparable thicknesses are believed
to underlie most of the northern highland areas of
Grant County. About 2,500 to 3, 000 feet of volcanic
rocks are exposed in Dark Thunder Canyon from the
summit of Tillie Hall Peak (altitude 7,318 feet) down
to Smith Ranch (sec. 3, T. 16 S., R. 21 W.) on the
west side of the Summit Mountains; the base of this
volcanic sequence is not exposed. Kuellmer (1954,
pl. 1) shows a total thickness of about 3,200 feet for
the volcanic rocks of Tertiary age on the west side
of the Black Range. About 7,700 feet of volcanic
rocks of Cretaceous and Tertiary age were meas-
ured by Lasky (1947, p. 13) in the Little Hatchet
Mountains.

The volcanic flow rocks may be grouped into two
main categories distinguished by color and flow
characteristics—dark-colored rocks that spread out
in thin sheets over broad areas and lighter colored
rocks that tend to accumulate as thick piles, not
normally extending great distances from the point of
eruption.

The pyroclastic rocks are associated mainly with
the lighter colored flow rocks, and generally are
also of light hue. However, unlike most of their as-
sociated flows, many of the pyroclastic rocks extend
to great distances. The Kneeling Nun Tuff is an ex-
ample of a broadly distributed and distinctive rock
unit of pyroclastic origin.

Correlation of the thick sequence of volcanic
rocks beneath most of the highland areas of the north
part of Grant County has been a problem for years.
Some of the distinctive lithologic units and sequences
have been considered part of the Datil Formation.
The Datil Formation was named by Winchester (1920,
p. 4) for rocks exposed in the Datil Mountains north
of Datil, and in the Bear Mountains north of Magda-
lena where he described a type section. Other e-
qually distinct rock units-of similar character and
origin in Grant County were not included in the Datil
Formation, because they did not seem to fit prop-
erly into Winchester's type section.

Elston (1968) has shown that the great bulk of the
volcanic material in the region has resulted from
cyclic eruptions of an andesite-rhyolite-basalt se-
quence repeated at least three times. Elston has
shown also that the type Datil Formation at the type
locality described by Winchester corresponds only
to the first cycle of eruptions. Significantly the e-
ruptions came from various centers; and no single
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cycle of: rocks completely covered the area. Also
significant is that rocks erupted from a center dur-
ing a particular phase of one cycle are found to over-
lap rocks of a different phase being erupted from
another center in an adjacent area. The intertongu-
ing of different rock types from different centers
has resulted in the extremely complex relationships
found in the region.

. Elston's (1970) compilations of .potassium-argon
dates (ages of rock units based on decomposition of
radioactive material in the rocks) have shown that
various rock units assigned to Winchester's type
Datil are from about 29 to 38 million years (m.y.)
old (Oligocene age). "Many of the volcanic rocks in
northern Grant County, similar in appearance and
assigned to the Datil by Dane and Bachman (1965) or
earlier workers, are within the same age range as
recognized Datil rocks. However, other rock units
that have been referred to the Datil are less than 21
m.y. The great bulk of the volcanic rocks in north-
ern Grant County must, therefore, be of Oligocene
and Miocene (middle Tertiary) age.

Some volcanic rocks of similar appearance and
character in the Coyote Hills and Cedar Mountains
of southern Grant County probably will be found to
fall within the same age ranges as the type Datil
rocks when potassium-argon dates are made; other
rocks probably will be found tobe somewhat younger,
just as in the northern part of the county.

Partly to avoid perpetuating errors of correla-
tion, and partly for purposes of simplifying the geo-
logic map, rocks previously designated as Datil on
earlier maps have not been shown separately on the
geologic map (fig. 2). Instead, volcanic rocks of
similar types (Tertiary to Quaternary and Tertiary)
are shown in the same color. Whether or not given
units should be assigned to the Datil Formation (or
whether the Datil might better be assigned group
status) is undetermined.

Dark-colored Flow Rocks

The dark flow rocks, mostly basalt or andesite,
commonly are called "malpais."” The color ranges
from medium gray to black, but purplish-gray and
reddish-brown tones are common color variations.
Balsatic flows generally are associated with less

" violent volcanic activity and occur as relatively

quiet emissions from fissures. Successive flows at
many places accumulated to form sequences several
hundreds of feet thick. Elsewhere, single flows a
few tens of feet thicklie betweenbeds of sand, grav-
el, or conglomerate (fig. 23). Andesite and basaltic
flows may issue repeatedly from a central point and
may in time build up a large mountain from which
the flows spread in all directions. Black Mountain
in Catron County, about 12 miles north of Gila Hot
Springs, is a comparatively young volcano (Elston,
1965b, p. 172) from which lava spread far to the
south into Grant County. The two Brushy Mountains,
T. 14 8., R. 13 W. (fig. 8), and T. 15 S., R. 20 W.,

Figure 23—A thin basalt flow (Tbha) interbedded with the lower
part of the Gila Conglomerate (QTg), NW/4NEYSEY%
sec. 8, T. 16 S., R. 17 W., southwest of Cliff. Wells
finished in these types of rocks generally yield only
small amounts of water. So-called ‘‘sheer water’’ some-
times is found ar the rubbly base of a basalt flow
where it may be perched on the dense upper surface
of an underlying flow, on the clayey surface of a soil
zone between flows, or on another nearly im-

- permeable rock such as the lower part of the Gila
Conglomerate.

are believed also to be basaltic volcanic cones of
late Tertiary age.

The andesitic and basaltic rocks range from dense
to extremely vesicular, from fine grained to por-
phyritic, and from massive to well jointed. Vesicu-
lar structure is conspicuous locally and the vesicles
may be filled or partly filled with whitish minerals,
commonly calcite or one of the zeolitic silica min-
erals.

The base of a thin lava flow commonly is a zone
of scoria and rubble formed as the flow advanced
and rolled over the crusted and broken surface that
forms. at the front of the flow. Thick flows gener-
ally retain sufficient heat to re-melt solidified blocks
over which the flow advances.

Vertical and horizontal joints generally form in
lava flows as the molten rock cools. Joints may be
few and far apart, or numerous and closely spaced;
and they may result in the formation of distinct mas-
sive columns or platy sheets that weather to a frag-
mental rubble.

Light-colored Flow Rocks

The light-colored flow rocks are mostly rhyolite
or latite. The color ranges from nearly white to
medium gray; varying shades of pink and orange
red are common color variations, particularly on
weathered surfaces. '

Rhyolite and latite flows are less fluid than ba-
salts and tend to build up locally thin accumulation
of rock rather thanto spreadout as thin sheets. The
major vent areas also may build large mountains or
volcanoes and these generally have steeper slopes
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than do the basait cones. The rhyolitic rocks gen-
erally are dense, and jointing is apt 1o be complex;
flow banding in intricate pattern is common. Rubbly
zones may occur locally within flows and between
individual flows.

Rhyolite and latite flows commonly are associ-
ated with explosive volcanic activity accompanied by
ejection of large amounts of pyroclastic material
with which the flows are interbedded (fig. 24a).

Figure 24a—Rhyolitic volcanic rocks of Tertiary age (Tr) in
Carrizo Canyon, southwest flank of the Black Range:
in the background is a faulted section of flow-banded
stony rhyolite overlying bedded pumiceous rhyolite
tuff; both are units of the Mimbres Peak Formation of
Elston (1957, p. 27) which he later referred to as the
Mimbres Peak Rhyolite (1965b. p. 174). The bedded
tuffs at creek level dip southwest at aboutr 30°. Well
18.9.16.442, in the foreground. obrains water from
the volcanic rocks. It is abour 375 feet deep and the
static water level is about 280 feet below land surface:
yield is reported small but reliable.

Pyroclastic Rocks

The pyroclastic rocks consist of material which
was ejected aerially as fragmental material in the
course of volcanic eruption. The f{ragments are
similar in composition to flow rock if flows occur,
but the color may be much different. They may
range in size from minute particles to huge blocks.
The smallest particles.commonly are called "ash";
pumice is a light-colored glassy froth that will float
and which generally breaks rapidly to tiny fragments;
cinders and scoria generally are glassy to finely
crystalline, light-gray to black fragments that are
less than an inch in diameter.

Tuff is formed by consolidation of pyroclastic
fragments; and when the larger fragments comprise
up to 75 percent, the rock is called a ituff breccia.
All these pyroclastic rocks are widelydistributed in
Grant County.

Pyroclastic rocks, such as the Kneeling Nun Tuff
that forms the prominent rimrock above and south-
ward from the Santa Rita Pit, were ejected at high
temperatures that caused the fragments to partly or
completely fuse after deposition (fig. 24b). Some of

Figure 24b—Rhyolitic pyroclastic rocks of Tertiarv age (Tr)
comprise most of the deposits exposed, in Blue
Mountain in sec. 19, T. 19 S., R. 10 W. The Kneeling
Nun Tuff caps the interbedded ashflows and water-
deposited tuffs of Elston’s Sugarlump Tuff.

the best exposures of pyroclastic rocks can be seen
along state road 61 from San Lorenzo to Faywood
Hot Spring in the Mimbres Valley (Elston and Netel-
beck, 1965).

Dust-size particles of volcanic ash may be wind-
borne to great distances and deposited as thin beds;
ash deposits have been found interbedded with other
rocks hundreds of miles from the nearest eruptive
center. The coarser and heavier fragmental mate-
rial falls close to the point of eruption where its ac-
cumulation helps to build up the volcanic cone.
These accumulations of coarse fragments generally
are highly permeable and allow rapid infiltration of
precipitation. They are excellent aquifers where
they lie below the water table.

Almost every thick sequence of pyroclastic rocks
contains discontinuous interbeds of clay, silt, sand,
and gravel. They form because the streams continue
to erode and deposit sediments even as the volcanic
rocks are being erupted. Lava flows may dam the
rivers and create temporary lakes into which vol-
canic ash settles and coarser material is carried by
the rivers. To determine locally if a rock is purely
of volcanic origin, or is a mixture of pyroclastic and
sedimentary material can be difficult.

Some of the sediments, especially the coarser
materials, may serve as aquifers-and yield small to
large amounts of water. The rock unit designated
by the symbol "Ts" on the geologic map contains
water - bearing beds. However, some sediments
found interbedded with the pyroclastic andflow rocks
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are mixtures of clay and Sand, ash, pumice, and
coarse pyroclastic material. They generally are
poor aquifers, but locally may yield a few gallons
per minute (gpm); commonly they are confining beds
pecause of their poor sorting. .

Most of the pyroclastic rocks are dense, mas-
sive, and relatively impermeable; therefore, poor
aquifers. A formation as the Kneeling Nun Tuff is
more likely to be a confining bed rather than an
aquifer.
clastic rocks, as in the flows, is limited largely to
joints and fractures which tend tobe closed at depth.
Deposits of coarse, unconsolidated volcanic frag-
ments make good aquifers if they occur below the
water table, but such occurrences are uncommon
and unpredictable. They are most apt to be found
as relatively thin layers interbedded with flow rocks.

Well-sorted water-deposited beds of mostly pyro-

‘clastic material are found locally interbedded with

flows and tuffs in the Little Burro Mountains, Pinos
Altos Mountains, Santa Rita Hills, and Cobre Moun-
tains. These beds are known to yield water to stock
wells - (19.10.7.232, 19.10.29.211, and others) in
the vicinity of Dwyer, and are believed to be the
source of artesian water in well 19. 10. 33. 221.

MaRrINE SEDIMENTARY Rocks

The marine sediments consist of two types, car-
bonate rocks andclastic rocks. The carbonate rocks
are limestone and dolomite composed of carbonates
of calcium and magnesium. The clastic rocks are
shale, siltstone, and conglomerate derived from the
weathering and disintegration of other rocks. Thick
sections of both types crop out in the central and
southern parts of Grant County.

The marine sediments in the cemral part are not
as thick as those in the southern part. The aggre-
gate thickness in the Silver City-Santa Rita area
ranges from about 3,200 feet to 4,400 feet. The
carbonate rocks range from about 1,800 to 2, 300
feet and the clastics from about 1,400 to 2,100 feet.
In the Little Hatchet Mountain area, Lasky (1947, p.
12) measured continuous exposures ranging from
17,000 to 21,000 feet thick and reported a possible
aggregate thickness of about 26,500 feet. Carbonate
rocks make up about 6,000 feet and clastics 12, 000
feet in measured sectionshaving a total thickness of
about 18, 000 feet.

The greatest thickness of marine sediments pen-
etrated by wells in the Silver City-Santa Rita area
is the 2,275 feet drilled in well 19.12.19.132d at
Apache Tejo (log, table 15). About 1, 900 feet were
penetrated in well 17.12.23.413a (see log) near
Santa Rita. The Beartooth Quartzite and the Colo-
rado Formation of Cretaceous age, which average
about 1,100 feet thick in this area, are missing in
these two wells; the sediments penetirated are mostly
carbonate rocks of Paleozoic age.

Marine carbonate and clastic rocks generaily are
intimately associated. Thin beds of one type are

Effective porosity in the massive pyro-.

-is conjectural.
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commonly interlayered in thick sequences of the
other type. Units such as the Howells Ridge and
Syrena Formations may contain both types in thick
beds of nearly equal proportions. _

Marine sedimentary rocks are exposed or lie at
shallow depth in about 150 square miles, or about 4
percent of the county. However, about 75 percent of
the population of the county lives in this area. The
distribution of the marine rocks and the occurrence
of water in these rocks, therefore, is significant.

The pattern of surface exposures and the logs of
wells 19.10.27.234 and 19. 12. 19. 132a (table 13) in-
dicate that marine sediments underlie all the vol-
canic rocks between the Mimbres Valley and a line
along the west side of the Silver City Range and San
Vicente Arroyo at least to the county line. Expo-
sures of lower Paleozoic rocks in the Lordsburg
Valley and the thick marine sediments in the Little
and Big Hatchet Mountains indicate that similar de-
posits also underlie the bolsonfill of southern Grant
County. These rocks couldbe reached by deep wells.

The depth to the marine deposits in the bolsons
The bolson fill is several thousands
of feet thick locally; as much as 7,000 feet of vol-
canic rocks could lie between the base of the bolson
fill and the top of the marine sediments.

Carbonate Rocks

The carbonate rocks are massive to thin bedded,
generally dense, finely crystalline, commonly sandy,
silty, and cherty (fig. 25a). The colors range from

Figure 25a—The Oswaldo Formation (PM), composed mostiy of
limestone, is exposed in the roadcut in Gooseneck
Hill west of Hanover. Limestone beds in the Oswaldo
generally are dense, and some beds contain abundant
chert. Joints and bedding planes generally are open
near the land surface and closed at depth. Yields to
wells are very small to small.

nearly white through all shades of gray to black;
some weather to shades of tan and brown. Fossils
are common in all but a few of the limestone beds
but are rare in the dolomite and marble. '
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Figure 25b—Fractured and brecciated zone in the Oswaldo For-
mation (PM) resulting from a minor fault having
only a few feet of displacemént. Such brecciated
zones where penetrated below the water table can
vield moderate to large quantities of water to wells.

Joints and fractures are well developed only in
the vicinity of faults, folds, and large intrusive
bodies (fig. 25b). Solution cavities and channels
are not conspicuous in any outcrops and are uncom-
mon at most places underground in the Santa Rita-
Bayard mining district (oral commun., Don Miller
and Keith Lobiano, U.S. Geological Survey, 1954,
and R. M. Hernon, U.S. Geological Survey, 1965).
Miller and Lobiano also reported that limestones in
the mines commonly are brecciated along faultzones
and have cavities enlarged by solution. However,
they are dense and relatively nonporous away from
the faults and brecciated zones.

Lasky's (1947) descriptions of carbonate rocks in
the Little Hatchet Mountains and the appearance of
the rocks underground indicate that in that area also
they are mostly dense, finely crystalline and not apt
to be good aquifers. However, Lasky also noted the
development of solution channels in zones of faulting
and brecciation.

The knowledge that solution channels are likely
to occur in zones of faulting canbe utilized to advan-
tage in searching for ground water in the carbonate
rocks. Wells drilled to enter fault zones below the
regional water table have a better chance ofdevelop-
ing moderate to large supplies of water thando wells
drilled in the carbonate rocks where there are no
faults. ‘

Carbonate rocks are more likely to yield water
in Grant County than other marine rocks. Yields
range from very small to large depending on the
structure of the rock, the depth of penetration, and
the topographic position. Wells drilled deeply into
these rocks are likely to find more joints and frac-
tures and develop moderate to largé supplies of wa-
ter. Shallow wells that penetrate a relatively few
feet below the water table seldom yield more than a
few gallons per minute. Well 17.14.32.233 near
Silver City penetrated only 76 feet below the water
table in the carbonate rocks; the yield was initially

1-1/2 gpm and that reportedly declined to less than
1 gpm within a year.

Most domestic and stock wells that penefrate less
than 100 feet below the water table in the carbonate
rocks produce less than 5 gpm; the results of deeper
penetration are revealed by records of other wells.
Well 17.12.20. 244a, near Hanover, penetrated 139
feet below the water table and yielded about 9 gpm.
Well 17.12.23.413, 998 feet deep (log, table 15),
bottomed in the Percha Shale after penetrating all
the upper Paleozoic rocks; it reached 516 feet below
the water table; the yield is about 185 gpm. Well
17.12.23.413a, 2,115 feet deep (log, table 13)
reached 1,135 feet below the water table and pene-
trated the Precambrian bedrock. The yield, be-
lieved to be all from lower Paleozoic rocks, was
about 235 gpm.

The American mine in the Little Hatchet Moun-
tains is in carbonate rocks of Early Cretaceous age
that were intruded by monzonite. Lasky (1947, p.
85-87) shows some 1,600 feet of tunnels below a
water level of about 50 feet and cites reports that
125 to 150 gpm were pumped to keep the mine de-
watered to the 250-foot level. The dewatering ex-
tended over a wide area and drained nearby mines
as well. Lasky interpreted these reports to indi-
cate that ground water was moving "through a sys-
tem of fairly open channelways." The channelways
are primarily joints and fractures in the carbonate
rocks. The reports, considered reliable, suggest
that the occurrence of water in the carbonate rocks
is about the same in both the central and southern
parts of the county.

Joints, fractures, and solution channels in the
carbonate rocks may not be numerous but they are
sufficiently well developed and interconnected to al-
low easy movement of water. As a consequence,
water that infiltrates these rocks on the hill slopes
can move quickly down to the water table which, as
L.asky (1936, p. 10) noted in the Bayard area, lies
at about the same altitude as the streambeds.

It may be inferred that the best place to find the
water table at a shallow depth in areas underlain by
the carbonate rocks is near the channel of a major
stream. However, because of the generally low
porosity and small amount of water in these rocks,
it may be necessary to drill at least 100 feet below
the water table to obtain a supply of water adequate
for domestic or stock use.

Perched water is common in both the carbonate
and clastic rocks, and any water found appreciably
above the level of nearby streambeds or the water
surface as shown in fig. 3 is likely to be perched.
The supporting bed in the carbonate rocks generally
is a layer of siliceous limestone or fine-grained
clastic rock as shale or siltstone.

Clastic Rocks

The marine clastic rocks consist of shale, shaly
sandstone, and lesser amounts of siltstone and con-



Figure 26a—Hard, well-cemented sandstone bed in the Colorado
Formation (Kc) exposed in roadcut on State High-
way 180 west of Central. Blasting has opened joints
and fractures that normally would be closed. Most
sandstone beds in the Colorado Formation are dense
and yield only very small amounts of water.

glomerate. The shales range from light tan, red,
and yellow through dark green, and brown to black.
The sandstone is mostly light colored, tan to light
gray or white, and well cemented (fig. 26a). Lasky
(1947, p. 24) mentions the occurrence of black sands
in the Corbett Sandstone in-the Little Hatchet Moun-
tains.

Clean, well-sorted beds of sandstone are uncom-
mon; most contain appreciable amounts of shale and
silt. On the other hand, thick beds of shale contain-
ing little or no sand are found in all areas underlain
by the marine clastic rocks.

Clastic rocks of marine origin are not good-aqui-

-fers in Grant County. None of the clastic units are
known to yield more than small amounts of water.
Reports indicate that dry holes have been drilled to
depths as great as 300 feet in the Colorado Forma-
tion in the area between Silver City and Bayard.
However, as a general rule, a well drilled 200 to
300 feet below the watertable in the marine clastics
can be expected to yield a supply of water adequate
for domestic and stock use.

Artesian water has been found in both the car-
bonate and clastic rocks in the central part of the
county. Wells 17.14.21.323 and 17.14.22. 331 de-
veloped small flows from depths of 690 and 145 feet,
respectively. These two wells were drilled in the
Colorado Formation; the water is presumed to be in
beds of sandstone and to be confined by shale.

The occurrences of artesianwater inthe Colorado
Formation appear encouraging. However, they are
exceptions rather than the rule, and they serve to

'point up a situation where artesian flow, dry holes,

low yields, and uncertain supplies are found in the
same general area and in the same rock formation.
A lack of pattern in the occurrence of water has
been noted in all areas underlain by the Colorado
Formation, but the situation becomes chaotic in the
area between Silver City and Central owing to the
intrusion of a complex system of dikes (fig. 26b).

Figure 26b—Beds of the Colorado Formation (Kc) cut by basic
igneous dikes (TKi) of Tertiary age—roadcut on State
Highway [80 just east of Silver City. The Colorado
Formation yields very small to small amounts of
water and the widespread occurrence of dikes makes
finding water unceriain.

\WWater-table contours (fig. 3) based on moder-
ately scattered wells, indicate a rather uniform

~southerly slope to the water table in conformance

with the general slope of the land surface. Reports
of well owners indicate, however, the lack of uni-
formity of occurrence of water. One well may pen-
etrate severalhundreds of feet and be relativelydry,
then passthrough a dike and find waterthat will rise
in the well. Another nearby well may encounter
water at much-shallower depths, or not at all, even
though drilled deeper than the neighboring well.

The dike system trends roughly north-south to N.
30° E., more or less parallel to the general slope
of the land surface. Consequently, the influence of
the dikes on the elevation and general slope of the
water table is minimized, but may have a profound
influence on individual wells.

No well in the general area between Silver City
and Central is known to produce more than a few
gpm. Many of the wells have histories of depletion
and subsequent deepening until more water was
found. The data suggest that the Colorado Forma-
tion, inherently a poor aquifer, has been made poor-
er as a result of compartmentalization by the dike
system.

Water occurs in the compartment-like bodies or
pockets formed by the crosscutting and intersection
of dikes, and initial yields to wells may be ample.
However, these pockets may be depleted rapidly and
a well that first had an adequate yield may be dry
within a few months.



40

CONTINENTAL SEDIMENTARY DEPOSITS

The continental sedimentary deposits are the

- largest and most important sources of ground water.
These deposits comprise several named geologic
formations and many unnamed sedimentary units of
sequences, all laid down on the land surface by
streams, in lakes, or by the wind; similar deposits
are currently accumulating at many places. They
consist of unconsolidated deposits of boulders and

gravel, sand, silt, and clay, and their consolidated.

equivalents—conglomerate,
and mudstone. '

Continental deposits that have been given forma-
tional names are the Gila Conglomerate (Gilbert,
1875, p. 540), the Wimsatville Formation of Hernon,
Jones, and Moore (1953, p. 120), Virden Formation
of Elston (1960), and Ringbone Shale (Lasky, 1947,
p. 18-19). Formations as the Datii, Rubio Peak,
and Hidalgo Volcanics, consisting mainly of volcanic
rocks, contain interbeds of sand and gravel that lo-
cally may yield water.

Poor sorting and a large content of fine-grained,
tuffaceous material is characteristic of almost all
the named formations except the upper part of the
Gila Conglomerate. Consequently, most are poor
aquifers.

Continental sedimentary deposits are locally in-
terbedded with volcanic rocks of Cretaceous and
Tertiary age (fig. 23), but they are most common
as the thick deposits of Quaternary age that fill the
valleys and underlie the slopes up to the higher
mountains. These continental sedimentary deposits
are also found locally capping mesas in the upland
areas.

sandstone, siltstone,

Gila Conglomerate

The Gila Conglomerate (late Tertiary and early
Quaternary) is the best known and most widespread
of the continental deposits in Grant County. The
Gila consists of poorly sorted sediments that range
from unconsolidated to strongly consolidated. The
sediments are nonbedded to well bedded and locally
are monolithic. Two major divisions of the Gila, an
upper and a lower, can be recognized throughout.
Lake deposits interbedded with some sand and grav-
el underlie a broad area in the northwest part and
constitute a locally important subdivision of the up-
per part of the Gila. Other subdivisions of the Gila
have been recognized locally but are not important
to this study. .

The mode of origin of most of Gila, with the ex-
ception of the lake deposits, is analogous to the
present formation of overlapping alluvial fans along
the fronts of block-fault mountain ranges.

The upper and lower parts of the Gila are diffi-
cult todifferentiate in many places because they are
gradational and their lithology is similar. Where
they are unconformable the contacts generally are
concealed by mantles of weathered rock; the weath-
ered products of similar conglomerates and related

deposits are not easily distinguished. For this rea-
son, the units were not mapped on a countywide ba-
sis. The principal differences are degree of con-
solidation and lithologic character of included con-
stituent rocks.

The lower part of the Gila generally is strongly
indurated, and locally deformed and intruded by
younger volcanic rocks (figs. 27a, b). Older basalt
flows can be foundlocally interbedded with the clas-
tic rocks, particularly in the lower part of the Gila
(fig. 23). One of two andesitic basalt flows in the

basal part of the Gila Conglomerate exposed at the
spillway at Roberts Lake has been dated by potas-
sium-~argon methods and assigned a middle Miocene
age of 20.61+0.5 million years (Elston and Damon,
1970, p. AVI-6). The upper partof the Gila also has
some interbedded basalt flows, but they are not as
prevalent as in the lower part. A flow in the upper-

Figure 27a— Basaltic dike (Tha) intruding lower part of Gila Con-
glomerate (QTg): on Cortonwood Creek, west side o}
the Silver City Range, adjacent to well 17.15,7.313.
The dike is a feeder to a basalt flow higher in the
section.

Figure 27b—Lower part of Gila Conglomerate (QTg), dipping
southwest, on the north side of the dike shown in

a.” The man is standing beside a projection 0;
basalt (Tha) from the main body of the feeder dike.
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most part of the Gila, visible as a rimrock east of
the community of Mimbres, has been dated at 6. 3%
0.4 million years (Elston, 1968, p. 239), thus of
jate Pliocene age. _ _

The clastic materials of the lower part of the
Gila consist mostly of fragments of light-colored
volecanic rocks derived by weathering from the thick
and widespread volcanic deposits of Oligocene to
middle Miocene age. The conglomerates are coarse;
the larger rock fragments are characteristically
gubrounded to angular, and the matrix binding them
contains a high percentage of fine sand, silt, and
tuffaceous materials (figs. 28a, b). Good exposures
of the lower part of the Gila can be seen in a creek-

Figure 28a—Cores of the lower part of Gila Conglomerate (QTg)
taken from test well 19.14.1.143a in Pipe Line Draw,
The well reportedly was drilled 1o a depth of 1.003
feet, the static water level was about 134 feet below
land surface, and the well could be bailed dry.

Figure 28b—Lower part of Gila Conglomerate (QTg) exposed in
bank of draw in the NW/% sec. 16, T. I8S..R. 14 W,
aboutr | mile sourhwest of Sitver City. Most of the
large angular blocks of rock. some as much as a foot
across, are composed of rhivolite or andesite. The
beds dip easterly at about 3 to 4°.
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Figure 29a—Lower part of Gila Conglomerate (QTg), dipping
about 25° west, exposed in Pipe Line Draw, just
north of Tyrone. Pipe Line Draw is believed to have
developed along the trace of a major fault zone. The
lower part of the Gila is widely exposed east of the
draw where the upper part is absent generally and
wells produce only small amounts of water. How-
ever, from 700 to 900 feet of the upper part has
been penetrated in wells west of the draw, and some
of the wells have large yields.

Figure 29b—Lower part of Gila Conglomerate (QTg), dipping
about 44° southwest, exposed in Carrizo Creek on
the west side of the Black Range. Terrace gravel
(Qtg) of Quaternary age overlies the Gila. The terrace
gravels generallv are thin and above the water table:
they rarely yield water except where perched water
or sheet water may be found locally in small quan-
tities.
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Figure 30—Nearly flat beds of Gila Conglomerate (QTg) exposed east of State Highway 61, 1.4 miles north of the Mimbres Ranger
Station. Differential weathering of alternately well cemented and moderately cemented beds is responsible for the etched
relief of the outcrop. Yields to wells tapping the lower part of the Gila in this area generally are small; most wells obtain water

at shallow depth in the alluvium overlyving the Gila.

bank in the NW1/4 sec. 16, T. 18 S., R. 14 W.,
(fig. 28b); in Pipe Line Draw, SE1/4 sec. 29, T. 18
S., R. 14 W., (fig. 29a); in the banks of Carrizo
Creek (Black Range) in the SE1/4 sec. 21, T. 18S.,
R. 9 W., (fig. 29b), and along the highway in the
-upper Mimbres Valley, north of Mimbres Ranger
Station, in sec. 36, T. 15S., R. 11 W., (fig. 30).

The base of the lower part of the Gila is well ex-
posed at stream-bed level in Wind Canyon, in the
SW1/4 sec. 9, T. 18 S., R. 15 W. Large angular
blocks of volcanic rock in a matrix of tuffaceous
sand and related volcanic debris lie unconformably
on older volcanic flow rocks. Bedding cannot be
" discerned in this lowermost part of the Gila Con-
glomerate. The size and extreme angularity of the
larger rock masses, some of them several feet in

PET

Figure 31a—Upper part of Gila Conglomerate (QTg), cut by small
fault, ‘exposed in roadcut on State Highway 90, 0.75
mile southwest of Tyrone. These beds, which contain

much weathered granitic material generally are

poorly consolidated. They vield moderate to large

amounts of water where found below the regional
. water table.

diameter, indicate rapid accumulation and proximity
to source.

The upper part of the Gila Conglomerate gener-
ally is no more than slightly consolidated. It may
be somewhat deformed locally but much of the ap-
parent dip results from deposition on slopes that
fanned out from the base of the uplands from which
the deposits came.

Thick sections of the upper part of the Gila are
exposed west of Pipe Line Draw in roadcuts on State
Highway 90 between Silver City and Lordsburg, in

“the cliffs that border the Gila River near Redrock,

in the gravelly slopes that border the Mimbres and
Mangas Valleys (figs. 3la, b), and along State High-
way 180 where the road descends into the Valley of
Little Dry Creek just south of the Grant-Catron
county line.

TN

Figure 31b—Uppermost part of the Gila Conglomerate (QTg) ex-
posed in roadcut on State Highway 90, east of San
Lorenzo. Note alternation of coarse and finer bedded
deposits, none of which are more than poorly con-
solidated, The upper part of the Gila near San
Lorenzo vields large amounts of water locally.
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The composition of the upper part of the Gila
yaries more from place to place than does the lower
part even though the two parts were formed in the
game manner. The variation resulted because a

reater variety of rocks were exposed to erosion
when the upper part of the Gila was deposited. The
lower partwas derived mainly by erosion of the vol-
canic rocks of Tertiary age which covered nearly all
older rocks. The upper part of the Gila was depos-
jted after an interval of time in which many of the
rocks of the region, including the lower part of the
Gila, were faulted and deformed. The deformation
and faulting raised some - of the older nonvolcanic
rocks and made them also subject to erosion. All
of the older rocks thus have contributed material to
the upper part of the Gila; therefore, its component
gediments have a variety not found in the lower part.

The ability to distinguish between the upper and
lower parts of the Gila, in drill holes, is important
in the search for ground water. The lower part of
the Gila furnishes very little water to wells; the up-
per part can furnish moderate to large amounts.

Because erosion of the lower part of the Gila also
contributed sediment to the upper part, distinguish-
ing between the two on the basis of rock types is
difficult. They are best distinguished at the surface
by percentage of volcanic rocks, degree of consoli-
dation, attitude, and stratigraphic and topographic
position. The hardness, or degree of consolidation,
and the percentage of volcanic rocks locally, help
differentiate the two parts in drill holes.

Well 18.14.30.324 in Silver .City's Woodward
Ranch well field penetrated about 890 feet of uncon-
solidated to poorly consolidated deposits considered
to be the upper part of the Gila. The deposits con-
sist largely of feldspar and quartz fragments de-
rived from the granitic rocks in the Big Burro Moun-
tains. At about 890 feet the drill entered very hard
conglomerate, composed mostly of volcanic rock,
considered to be the lower part of the Gila. The
well had a drawdown of about 110 feet after pumping
400 gpm continuously for 2 weeks. All of the water

. came from the upper part of the Gila.

A test well (19.14.1.143a) in Pipe Line Draw,
about 5 miles east-southeast of the Woodward well,
penetrated 1,003 feet (log, table 15) of the firmly
cemented lower part of the Gila (fig. 26a). This
-well, drilled in 1944 for Silver City, reportedly
‘would yield no more than 40 gpm when tested. The
yields of these two wells show the characteristic
difference in hydrology between the upper and lower
parts; and why recognizing them in drill holes is
important.

Lake Deposits and their Origin

One consequence of the last period of general and
rather severe faulting and deformation in this re-
gion was the disruption of major lines of drainage
and the subsequent formation of some large but tem-
porary lakes. Finely bedded clay, silt, volcanic
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ash, and diatomite (siliceous material derived from
microscopic plantlife called diatoms) was deposited
in the quiet waters of the lakes. Coarse-grained
deposits were laid down generally on the margins
and where streams entered the lakes. The most ex-
tensive deposits are in the Duck Creek Valley where
they are exposed in the banks of Duck Creek (fig.
32) in low hills (erosional remnants) that rise from

Figure 32—Lake deposits exposed in banks of Duck Creek, near
Buckhorn (SWY% sec. 11, T. 15 S., R. 18 W). The
deposits are in the uppermost part of the Gila Con-
glomerate (QTg). They were laid down in a lake that
occupied the valley for a brief time following the last
major uplift of the Mogollon-Silver City-Little Burro
Mountain Ranges. The beds of clay and silt confine
water locally in deposits of sand and gravel.

the valley floor (fig. 16), and in the lower slopes
along the western margin of the valley north of
Buckhorn. The lake deposits in Duck Creek Valley
may be as much as 1, 000 feet thick.

Other probable lake deposits in the upper part of
the Gila crop out in the low hills south of the com-
munity of Gila, and in Mangas Valley. These de-
posits are at least several hundreds of feet thick.

The beds of gravel and sand in the lake deposits
locally yield large quantities of water. Some water
is found confined under beds of clay. Wells 15.17. -
29.442 and 15.18.4.241 flow but the hydrostatic
heads are low and yields are small.

The origin of the lakes is conjectural; but ter-
ace, mesa, and divide altitudes, the character of
the deposits at various places, and the structural
pattern of the area lead to the following hypothesis:
the Gila and San Francisco Rivers were parts of a
single large drainage system before the Mogollon
Mountains, Silver City Range, and Little Burro
Mountains were uplifted. The ancestral Gila River
(before the uplift) flowed southeast down a broad
valley, the ancestral "Mangas Trench," in which it
had deposited the alluvial debris that now constitutes
the lower part of the Gila Conglomerate.

The uplift of the Little Burro Mountains was rapid
enough to block the ancestral Gila River and create
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a lake that reached from the south erid of the Little
Burros northward to about 20 miles north of the
Grant-Catron county line.

The concurrent uplift of the Mogollon Moun-
tains and Silver City Range greatly rejuvenated the
streams that drained the region. Coarse alluvial
fill in the old channels was carried into the newly
formed lake. The early deposits constitute most of
what is considered to be the upper part of the Gila.
Much of it was derived from the lower part of the
Gila Conglomerate that had been elevated and de-
formed during the uplift. .

The quantity of grave!l and associated sediments
dumped into the lake by Mogollon, Dry (in Catron
County), and Little Dry Creeks was particularly
great, and was concentrated in a relatively small
area. The deposits accumulated rapidly and a bar-
rier was built across the lake, dividing it and thus
creating two separate lakes.
by what is now the upper San Francisco drainage,
found an outlet to the west across a relatively low
area, the southern part of which is now known as
Antelope Flats in Catron County. The southern lake,
fed by the headwaters of the present Gila River, de-
veloped an outlet to the west across low ground at
the northern end of the Big Burro Mountains.

The faulting that formed these lakes probably was
contemporary with similar faulting in the Mimbres-
Sapillo Valleys (the Mimbres trench), which paral-
lels the Mangas Valley trench. Elston and Damon
(1970, p. AVI-T7) concluded on the basis of K-Ar age
dates, that block faulting in the Mimbres-Sapillo
Valley had virtually ceased about 6 m.y. The lakes
probably were short lived and ceased to exist long
before the advent of Pleistocene (ice age) time as a
result of both filling with sediments and lowering of
their outlets by downcutting.

Downcutting would have been rapid at the outlets
of the lakes because gradients were steep and the
rock relatively nonresistant. The rivers quickly cut
deep narrow gorges, the spectacular canyons that
still are accessible only by horseback orfoot travel.

The lakes dwindled as the outlets cut down to the
level of the lake beds; erosion of the lake deposits
began on the margins of the lake even as sediments
continued to be deposited in the remaining waters.
The lakes did notendure at any one level long enough
for waves to cut extensive benches or build gravel
terraces that would survive erosion during the wet
pluvial cycles of Pleistocene time. The low gravel
hills bordering the west side of the Little Burro
Mountains (fig. 10) may be one of the few remnants
of such gravel terraces in Mangas Valley.

Terrace Gravel —

Deposits of gravel cap low ridges and overlie
older rocks throughout the foothill areas. These
terrace gravels are only slightly older than the al-
luvium filling the valleys; and were laid down over
generally flat surfaces prior to the uplifts and re-

The northern lake, fed .

juvenation of ‘streams that occurred in late Pleisto-

cene and Holocene time. Erosion thatfollowed dep-
osition of the terrace gravels has left some discon-
tinuous gravel and sand deposits above the present
level of streams (fig. 33).. These terrace gravels

Figure 33—Terrace gravel of Quaternary age (Qtg—probably Pleis-
tocene) unconformably overlying the upper part of 3
Gila Conglomerate (QTg) along Blue Creek, near cen- i

|

ter of sec. 17, T. 18 S., R. 19 W. The terrace gravels

are above the water table which in this area is over
100 feet below the normaily dry channel of Blue
Creek. The channel is filled with alluvium (Qal) to
depths generally of not more than 20 feet.

generally are thin and drained of water because of

. their high position above the stream channels. Small

amounts of water are found in the gravel where ex-
tensive deposits overlie relatively impermeable
rocks.

Alluvium

The sand and gravel in the channels andunder the
flood plains of the rivers and creeks are unconsoli-
dated continental deposits of Holocene age commonly
referred to as alluvium (fig. 18); also included in
this category isthe material immediately underlying
the surface of the valley floors (bolsons) in the vi-
cinity of Whitewater, Faywood, Separ, and Hachita.

The composition and texture of the alluvium and . :

bolson deposits is varied because the streams that
deposit them flow across rocks of many types and
pick up material of all kinds. The texture ranges
from fine to coarse—from clay to beds of boulders.
The bolson deposits are similar in physical charac-
ter to river channel and floodplain deposits but the
channel and floodplain deposits generally are thin
whereas bolson deposits attain great thickness.

Core drilling for damsites on the floodplain of
the Gila River show the valley fill to be as much as
101 feet thick locally (NW1/4, sec. 19, T. 19S., R.
10 W.) near Redrock (U.S. Bureau of Reclamation,
1930, p. 228). However, in general it is less than
that; logs of wells suggest it averages about 40 feet
in the broader parts of the river valley.
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The alluvium under the floodplain of the Mimbres
yalley at the McSherry Range (sec. 27, T. 19S., R.
10 W.) near Dwyer is about 25 feet thick. However,
the log of irrigation well 17.11.13.343 on the Horace
Bounds ranch in the Mimbres Valley near San Lo-
renzo, shows the alluvium there to be at least 35
feet thick.

The alluvium inthe channels of major tributaries
to the Gila and Mimbres generally is not more than
5 to 20 feetthick although locally may be appreciably
more. Most of the tributaries are actively downcut-
ting. Alluvium that accumulates during periods of
low flow is moved downstream during periods of
flood flow; thick deposits do not generally have an
opportunity to form.

Alluvium of Holocene age filled many shallow up-
land valleys during an earlier cycle of deposition
that began about 1300 A.D. (Leopold and Snyder,
1951). The alluvium in most of the larger valleys
contained ground water tapped by shallow dug wells
during the settlement of the region in the period
1865-85. A regional cycle of erosion that began in
the period 1875-95 (Hastings and Turner, 1966, p.
45), has caused extensive gullying and cutting of ar-
royos. Perhaps the best examples are in Mangas
Valley, Buckhorn Valley, and along San Vicente Ar-
royo (fig. 34) where underlying bedrock now is ex-
posed at places in the stream channel, and arroyo
banks are 20 to 30 feet high.

Figure 34-—Alluvium (Qal) of Holocene age exposed in banks of
San Vicente Arrovo: view looking downstream from
the bridge 6 miles northwest of Whitewater. The
arrovo, cut since about 1890, has acted as a drain ro
lower water levels that once were within 5 to 10 feet
of the surface along much of the valley. The arroyo at
this point is about 30 feer deep: note man at base of
bank.

The gullying had the same effect as would the
construction of drains—the shallow ground- water
levels in the alluviated valleys lowered to the extent
that the wells tapping the shallow water bodies went
dry and, locally, large trees died (fig. 32).

The cause of the regionwide gullying has been
argued for many years and commonly has been at-
tributed to overgrazing. However, Leopold (1951,
p. 336) and Hastings and Turner (1966, p. 284-289)
present strong arguments that show climatic changes
are chiefly responsible, and that grazing has been
only a contributing factor.

Probably no large amounts of water were ever
stored in the alluviated valleys. The water supply
furnished by the early-day wells probably was no
more dependable than that of many of the present-
day shallow wells tapping water in the alluvium of
the upland valleys. The water levels in these wells
fluctuate with the seasons now, and they probably
fluctuated in the past also.

The shallow alluvial wells of most of the upland
valleys yield only small amounts of water. Wells
tapping the alluvial aquifer under the floodplain of
the Gila River in the vicinity of Redrock yield as
much as 2,250 gpm (19.19.1.142). Yields are as
high as 2,000 gpm and average 850 gpm onthe flood-
plain of the Gila near Cliff and Gila. Yields near
Buckhorn on Duck Creek are as high as 1, 100 gpm
and average about 500 gpm. Two wells on Mangas
Creek near Mangas Springs yield 1,100 and 1, 400
gpm, respectively; but these wells might be getting
some water from the upper part of the Gila Con-
glomerate.

The alluvium in the valley of the Mimbres River
southward from about San Lorenzo can yield large
amounts of water. However, the yields are gener-
ally smaller than from wells along the Gila because
the alluvial fill is generally thinner. Wells tapping
the alluvium near San Lorenzo have vields of about
300 gpm. Well 17.11. 24.214 yields about 800 gpm
but much of the water from this well is believed to
come from the upper part of the Gila Conglom